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In this work v« prtsont « thtardtioal stud^ of a-nu6X«tt« 
•laetlfr soa.tt,eriutj laaiiOy at inttxtaeaiate entrgUs, Aft«r m 
iHrUf lotrodiistiOD of the ei2li^ «ot» %t« gire isa mitllut ef t&» 
&X«alHir aultipl* oQatt«rlng oodel for iiueleus-auolotts eoattaring 
wbloh fofffte thd basis of t ^ pressot stiadj* fiiie ie foXlowsd Igr 
a dritioal dieoueeioo of ths various Qlauter«modeX"»l>ased th&o^ 
rstioal Q^fptomh&B that hatra so far tissn usoa to intarprst t!is 
avaiXaula olastio a^-nuolsi^  seattsriiig data at X,37 0«7* fbt 
Oisoussion Qakss i t olear that ttie oadstii^ tlisorstioai eitimtioa 
i s bi^Oy tmsatisfaotor^ partiouiarXir £tom ttm view point of 
satrsistiQo aueXsar striaottueo iofoianatioa from %h» data vhSoh i s 
OQS of ths mad or objeotivas of iotsnoodiata oosrisr craoXsar 
soattaring aaEporliasQts* Fros tha aiaoassion i t aXso faXXans 
that of the irsriotts tbaoratioaX approosiias t&a rigid-pfo^aetiX* 
(i^) BiodaX wlilAli traats tba imidaat a partioXa as aXsnatitory. 
is parhaps tlis simpXsst aQd rdXativaXsr isora suoeasafuX* fhara» 
fora i^w have first iinrsstigatia i f soiai improvansat in t!is 
sacisting thaoraticaX sittiation oouXd l>e aohiSTsa yxf ofomominii 
tlia siiortatKaiBgs of ths aarXisr a^sXysas l)asad upoa this eoAaX* 
m finA that no signifiaant iaprarsgisDt can ta aohlavaa in this 
nannsr* 
Haxt, taking indioation froa tba raXativaXy good ra* 
suits af. thi iRF nodsX aaXauXation in tha Xow Boasnttai transfer 
vegioB f9S t«97 Q«T a«»iiYiea.«tui mlM»ti» Mattt^ ping^ wt W^votm 
mn •fHiQtiY* £ ^ aapSJltuaii tw wuO^aing tn* •laetle a iie*tt* 
oving &*%« in ihim •ntvgjr region, $lit eflHetiirs mipU,um is 
ohoMn in snoh a iinjr tbat it agr««0, in tli« low aoMntiai 
tnmsftr (Q) sogiont iritu tho tttplviQal tmm IHx aeiplittlaw at 
tbo approi^iata entrgsr ^ t differs ISafoes) tlia e«Mi in i ^ largt 
% teliflcyiotn? wbiofe ia now govovnaa tqr A& adjnstabia parojnotajr* 
Qaing tlio a)»ova diiKSitaaid affietiira aepXituao and tb« 
grotmdUatata danaitar of tha tar@Bt ntKlaiw as dateissinad 
fzoei otHar osEporiaontat wa aaolc a f it to ttia alaatio a** 
soattajTiag data at 1 •57 6oV« It ia tQwoA that l^a data aai^  
'wsf Qioaly aoooiantad foir in tbia way* Host than t^ia in 
aignifieant tha feat ^lat tbt afliotiva as^iitadt an calilaratod 
. . «%. ».« ,»ly »i»uy »««>««.. tta. . l . . t i . « «>.tt.rt»e 
data on tho othar Oa iaotopaa at 1»97 OeT Imt i t also givaa 
a fairly ^ed aeoount of tha data on %^ at tha 8«»a m9T§y 
(all ealoiilationa havo ^•n aada uoing tha ground«otata 
denaitr of tha targat a» ohtainad fsoM othaar aagpariainta)« 
fhua»/^ affootivt S--a aarplitiida fairly oatnrataa and i t dooa 
not Tory aaeh with tha targot «aoa nwhor, fhla iaipliaa 
that at laait in tha anargy rtgion uador aonaiiiaration» tha 
afftatifo iU« Miyiitudo aothad of analyoln eauld ha a|>pliod 
for ehtaining inforaation an tho targit ground-atata donaitiea 
irvm a alaotia aoattoring oj^orSaoato. 
•iaeitlii w^l 4MM at $9d» 430 aaA 540 ^?» 8»lBg «lio 
•aSTtrlMataUy a«t«niin«4 £rotm<l««tat« daiuii^ of tht tarait* 
«• f 164 that tba eitthod wotlea v«jqr %it21 at 430 Ha? and mlih 
aona pt)y»loal3j ima«vataaaabla aodifioatioa at 740 He7« 
UafoTttmataly* at 609 mf ttm vaoult ia oot ao gooA* Sl» 
data ara oiO^ fftijriy fitted in tliia oaM^ w« avgui ttiat t&a 
aituatioa at tbis mmvgs^ daaanda fiir^iar, nut aiOjr t^oratlaal 
but alaa aip«ri««nta3i study* HoitfavaFt on tht wiioXa i t iiesr tNi 
eaid that ovat effeotlva B-*a osplitodt tMthod woj^ cs fsadrly w*21 
at oth«ir aiMrgfaa olao* 
Zn this «oxk m hata aiao «ttadl«d o^ nucXaus alaatld 
aoatttriog data at xalativaXy low anaifgioa. fha ea^ar 
attxaetioa for ooalfig down to thia anoirgy xoglon has hoon 
^0 oXala »adi t^ mm authors that tha Olauhor ttodaif with 
aooo aodifioatiout satiafootoriljr axfJlaiiia ths saXativoly Xow 
anorgjr nuoX«ua«nt»laus olastlo aoattoring aa^riatots JA ttxws 
of mm gro«nd«otato donsitiaa of tha two oolliding nueXoi and 
1^0 BM oapUtttdi* 1^ aaking « aoro roaXistio and vofinad 
analysis of tho rseont 104 MoV ««*%a oXastio aoattaring data 
in tha aodifiod OXauhor aodaX^ wo ahow that thia oXaia i s 
unvoaXiatio, In foot i t ia found that tho aodifitd OXau^r 
noA l^ «iBeoiin«0 tw tim dAts only in m. mmlX foxward «&e3.« 
x«gio& fUMI that tQ9 ^tmn turn input £18 mplitad* Is U3mn 
tm Adjiuitftbjui« 
fb« good •«»«••• of tli# «ffi>«tlv* Bma fj^ iOlttid* notiiod 
ftiecQsatd 9«vli«r Has ttaptod w to «qpp3jr i t to ao^iree 104 
He? « olwitiD leattoriag data* Oonaidoirins tb« data on 
fi)rat» nm find that tlia aathod pj^ ovldaa a good aoeotmt of 
tha data in diffkrastion ioattari&g sogioii in taxna of t!i« 
xaaHiatlo ssoii»d»otata doaaiV of tba tar^t providod ^ a t 
aU. tht tQxm pareMtava dafiniog tha effiotiira iNi omplli'tada 
9X9 tsaatad aa ad i^i8tat>la (Siiia ia piiyaioaSJLy imderatiusdat}^* 
fim pso^aotila kiuotlo oaavgjr par tiuelaoii ia BOH low andt2# 
to aaka tha af^aotiva lUa aa^iitu^ diff9s«{it fmm the firaa 
aapiitttda airan in 1 ^ Miall. Q ragioii)« Ha lurthajr fiM that 
tha aam af^iotira aiiplitiida whioli f ita tha data alao 
l.p»>«.a... fttelff Mttl.ftot.vU7. th. l u t l * ..4»'44'')%. 
aud ««lti data at 104 my in tha diffiiaotlon aoattaring ani^a 
jacioa, Shiia^ wa ahov that i f tha analjraia ia oonfinBd to tha 
difftaotion aeattaving «Bgla Jtagion aaiy tha afftativo H-a 
aapXitada aathod oottld h% appiiad iiith advaataigo avan at 
xaiativaijr Xowar anairiita* 
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tiMi last Q»cad» hm witattMA osi lmv9a,&im ititortet in 
•tppIlosti«n of iitt«ns«di4it« •ntrgsr tuaol«ar pro^tctUfs for 
00tmmif^m ^ « gieoima^t«t« and th« tjpaoeltioii &llOl•«x^  aatttjr 
dinsitios ot %im tftrget ouoXai [••g,£«i:»,^*^^]* Sot long aesii 
ao8t of oi«r knoiaodge at^ out ouoXoor detisitios owed laaiiajr to 
the eleetroo soattering &HA tim Im energy eooaear 8oatteriK% 
escperiisQiite* fhe eXeetjpon soatteringt i t hardly neede to tm 
faftotlooedv detexsii»«8 protoa Cobargi) densltiee whUe the 
i&formatioa ia?0Tided &y t^e oofxventioitaX low energy atsoXear 
eoatterifig expertoeate* t ^ u ^ not limited to protos denQitlee 
oaiy, ie rather of poor ^tjallty* fMe Is beoaiaso of th© well 
known lifflitatiooe m& QiB i^guitlee in tbe theoretloal analyoee 
of tbe niolear eoattering data at low energies. 
Advantage of vmixi^ intermediate and hig{i enei^y nuolear 
projeotHee for probing tlie ntioieiis ever the oonv^entional lev 
energy nuolear probee are masosr and haire 1»een al»tmdantly die* 
eueeed in the literature [e«g« refe,^*'*^^]« She aoet 
iaportant onet in enr opinienp ia the al»enoe of aany of the 
eoBplexitiei of thi lew eaerir atwlear seattering dynamiee 
vhieh allow i^lieatien of euitahle approxlaatione te e lapl i^ 
the theoretieal treatMoat of thi eeattering preeeae eoneidarably, 
For esnaplei in the oaee ef liwineleiae eeattering^ i t ie 
peoeihle to expreee thi auoleeiwniioieiis eoattering aieplittide 
in tenw of the direetly neesurahle 0S esplitnde and eueh 
target prop«jrti«» ot i&t«r«at am %}m groim^stat* and tin 
tvttJMitloii ti«Qsiti««, a&a th« oorz«ltftioiis in a ]rath«7 fiiiB|a« 
a]ia3iya» tht int^xntOiatf aiitrgsr H«*iittoX«iui oeat-Kifins data to 
est inforaation on tbt otieloar dttneitifts, 3xt»mXr9 ojEperl^  
fiiGQtaX ana tbAorotioal atudioe of t ^ iiit^jnaeaiate energy 
l^ zotoo-nttQleiw soattvring r««g,rof9*^*^^| mbmi that inioh ox*-
t^TvUmnt* fsro inOiBtft irosf useful (of oouree eub^eet to eone 
Xliraitatlooe) in proriOing iraXtaa^ lle information on tl30 nwloar 
&onsiti««» ooi?reXation» and the ran^- ^f i^aliaity of phono-^  
laonolQC i^oal miolear moaoXe* 
Perhaps i t ware the iapreseiire suceesseo of the inters 
BHKiiate enorgar proton probes as ptirveyov of nwXear stmotuxt 
infoxmation that attroeted attention of the eiq^raoentiiXiets 
to add the Xi^t ions to tlm Xist of inl^omadiate energy 
ntioXeisur prol»es« fhe u partioXOi' tjooause of i t s slapXe spin 
and i-«pin strueture and zeXatlteljr Xarigi binding ener^ per 
aueXeen natureXljr reoeived the attention iaost« i s a reetXLt 
«e noM hare adsipate experlaestaX data on the eXastie and the 
ineXastis seattering of a partioXes from various tarfiit nusXei 
in this energy regies^'* 
At first gussst it seeas rather redundant to use the 
ooi^site a partioXe as nuoxsar probe whan other eXeaentasy 
hadronio probes Xilce protons and pions of ®»od reXiabiXitjr 
earn graUabl*, Bot« apart fac<oa tba fast %hdt i t i s alwajr* 
aavaiita^oua to leak at tba aaa* pvobXan fxon dif£av«<&t 
dlvaatiotia t&v m ^attar undirati^ sAliig of tlia i^aioa lisirolTad» 
thara la a naad to oliaolc tlia yalimbility moA tha eonaiataney 
oi %h» axtrflitad stiolaar atxntettiva iafozmation with Aiff^rant 
pratea« furtntr, eima a partiolaa as* aliatirliaa at larpjF 
distaneta fron ti» oantra of ttse tay@»t ntxaiaas* tb@|r lai^  l}9 
eenaitiira to difi&i?ont paipta of tba gppotmos^ atata aaasltiea oir 
transition daneitiaa. In iidaition» i t ie in itaaif a» iotaraat-
ing probiaa to aaa to %that aactaot th© thaoratioai fvmmark^ 
that baa liaea proi^ ad so etjoooeaitti for aaaeribing B^ nmsiataa 
aoattoriogf i^r^ for t l» s-nmlana aoattering, 
SMO thaor«tioai approoobae tunra ^nerslijr l>aan uoad for 
anaii'aiisg tba intamadiata anargr ««niiolauB aeattaring data* 
Oaa ie tba sanaraliiation of tba dlanbar atatipla aoattaring 
aodal^^ for |{«iiuola«ie aoattaring and tba otbar ia baaad on tba 
optical potaatiai foxnaXiin®' aa dtvelopad b^ lamanp fisHaniia 
and tbalar (KMt), Both bara tbtlr aarita and dasarita* Sortu* 
nataiy» i t tiuma out tbat tbar Siv* aaaantially aiailar raatata 
orar tba noavntvn tranafar ragion aa^arad by tba praaactly 
arailabla data* fbarafara» i t ia largiXy a quaatian of ana'a 
taata to praftr ona ovar tba atbar. Wa auraaXf prafar to iforlt 
with ^a Glattbar nultipXa aaattaring «eda2.^ ^ ubiob, wa faal, 
ta bt siBipiay pb^raioaily tranaparant and fXaxibla anongb ta ba 
4 
«ppXi»d to m Variety of situatioos rathov •asUjr* Sho promnt 
ctuOsr i« nboll^ &«Md upon tMs aoail. 
0«7s anA MaxlBioa^ ^ w«s« ttw lfis»t to tmdertet^ dn eadtoseiim 
thior«tloal tttiasr of ntioX«ii8^DOl«ii0 oollision at istoixitdiats 
and h l # eoArgiafi tvithia th» fresM^otk of tha Qlauber tno^*!^ '* 
Ondor a aaquenoa of a|»pro9daation@* tlioaa authors &arism& a 
sii^tt aj^casioa for tha elastic S<^mtriz e^mmti^ i^ i^&H 1^  
laiowQ in th« Xitarattuf® aa ttio optloal Xlnlt jrestiXt* Sba 
t>a8io Ingxadlfti^ ta of %hi& oaq^aalon ora tba groutzd^otato 
daooitlaa of tha pro^eotiXa at:)d tha target i a»a tho aloaontaiiy 
m as^Xituao at tha aaor^ a^ uaX to tMa pro^oetUa kiootlo 
aasrgy p«r ataoiaan* SictoOt ^ fo£m« tbis axpposalon ia sioilar 
to that asad for «raXaati% the jroal io»»ioQ potontiaX in tb» 
a9Ut>xa*foX<liiig ao&ax [a,g. mS^^^*^^^^tM optioaX Xlmit 
ffoauxt la aXaa m§»rmA to aa the doabXa-^ foXdiog laodiSX 9wen 
thoagki th« ^aslo in^rodiant tmm ia tha M aopXitiido rathar 
ttian tiM offootita Kit inttraotiaa potaatiaX* 
fha optloaX Xiaiit approxlaatloB or tht doutoXa-foXdlng 
to anaXyat tha araiXabXa aXaatie a-naoXaua 
aeattoriag data at 1*57 <laT« fboy aXX eonoXofla that thla 
t It aust l9t polntad out that tha dafinXtion of tha optleaX 
Xiait ttxR dapoadt apaa tha proaeriptiaa aaod for aeoountiiic 
£»r tht atntra«of»«aaa aorrtXatXoa. BtatiaM of thla tho oxaBt 
naaniai of thla tarn aa vm90L hy diffaraat a»thora may ha 
aoMMtwhat dlfftxanta 
m|?irojtiHftti«& mwimml^ fail« in aeoo^mtiog for ttm %lm%$» 
i& «» •a^a»«io!i of ths Snaatrix of ifMeh tb« first sM %tm 
imlmnt testa would oorMSpoaa to t!i« oftieal i ia i t reeiat^ 
ojN^r doii@iti9s of tuo tuo eoULidl^ tiuoloi am $mpo^v%m% 
fh$m ie in ^oat oon^mst witli t!io ©ituatioti for &»amt3.@tsa 
i^attariEig* In tm lattor oasot "^ ^ optioal limiit appTOSlns^  
tioo Ctiiis iisvolvss o^y ttio onft-lxo^ aensitj) ifor^ ® mlool^l 
tli» l i i ^ r ordor t«ss0 isa^og oi^y A «sia3Jl eontritmtioa to 
tbi totcO. eeatt«sliig« fliiss, r^o@Uiiig tliat i t is tlio entsotee 
of th» optio®! ajait e^^o3Eiei«tion itt tiio oa^ of photon* 
nml9%m soattorS^ timt a2J^ o«»@ a ratliar tisoot ^termination 
of tim tar^t a^ssitieat i t i»^ tm oonoXn^d that failmro of 
tha optioal tSm^t a^proaciiiatioii :^r a«»f»2elat2S aoattaring 
ii^liaa tbat aatanii^tioa of tho target itEeitiaa ia thii 
eaaa i s not 0»ing to l»e as diraot aa ia ttit oaiw of I»awla\aa 
aoat^riag* fliarafora, in order to m^m 8«ii«oIeiia aoattariag 
neaf^ for Baelear atraotura atMiea^ one »iat either fini it0m 
for evaluating the aegleeteA higher order tema ia a reliahle 
way or eearah for other ap|a?oxJ»atioa aoheaea or aethoda of 
analjaia* 
fheoretioal alteapta to Japrove upon the reaulta of the 
oftieal l init apiroxiaatietty yet re»aiaing within the frseieworlc 
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of tM dlaiAlwr m90»X^\ liter* )w«ii mmS» in ttio diffiMut 
AlMetions* la on* the r«Masolitr« li«t» «ia«d *t proiridlni 
•yittnatio iULgHtzr <ur4u? oor^ aetlAtMi to t^ dovinafft optloal. 
:i'ht,iiQv''*^ aod Ahwift^ *' Iwfo psopoMd various Mud of 03&-
pgaalona for ttdm |iuvpo«8« Aithoagt th«o« os^coislaQS Olffoip 
in tim mtoXXM* tlio atTuetuse of tha irarloiui ttma i s il?®& ia 
atoantiaiiy tbo tani* franoo afid Vo»Mr^ ^ nara oonoofiti^ al^ a 
on a dtnAy of tHi eonvarffitiea pzopartioa of tlia ajqpansion foir 
ttm total ola^tio phami ehift fmiotio» using ttm gameim 
eiaip^a-partiolo donaitiaa tor %lm two ooSliding limloi* ^tm 
roQOoti for tai^iiig this unraaiiotio donaity oiatrilmtion i s that 
tim h i ^ v Q^mr taswi art diffionit to avaltaata ottisn^iee* 
Shay oonolttdM that tho axpafiaion oomrorgaa rathar aXoi^ waA 
on* aniat oonaidaj? auffioiaiJt imal»r of higher ordor tonas 
for a raaiistici oaleiaation of tha olavtie aagulaff distxrihution 
ovav tha pvaaootiy oovajpod mmntvm traciafar iogioii« iimmS^^* 
who aj^ahds tha ^HMtrix iaataad of tlM phawi fuootio&t ha* 
ooBeaBtratad on tiaiag raaliatio gromid^atata danaitios onisi; 
ta ifhieh ha eonld m ftnly «9 to tha atoond ovdar tana <thi« 
intolTaa th* t«o-hady dtnaitiao of tho eoIXidios nuoXoi) in 
hii atttdy* Hia analyaia ahewa that inaluaion of tha twhody 
dtnaity tajm groatly iapravaa tha thaeratioal aittiation and 
Iringa thaasy •ofgr oloao ta astparlMont in tha aaail aO|Il« 
nf tri^eo i^ E^  Ifmmtf'^K «ts?®a l^y «it^^st tli« »e»6 fm? eoneiaii?* 
ifig dthor i^igliar &vQ»i! t^tm in tht a»aljrei8» Jkli£B«ai*@ &tu^ 
i9 JUr^ orta&t f jpon a&ottMur ^ ^ « &» mlt» His f itiM.»g th&n 
iml^mltiu of t ^ s#xl tii^iar QV^W tmiem ^iagg tbeosy clo&^ii' 
to eisptrli^nti 6tf9Qg%l»ffii ooi^lisiHs* i» %im Bmllsvi^USM^ of 
tli» 01811^ 3? m&mt*^ to a«iiii0a««s eGAttt^ing in tm mmw 
at 1^ AJUcl»«i3r^ '% 
is ffofvidiiig a^ iisasintaiiSSiig ^ ^ « woirleiiii of ttm Q>l&el^jt 
dio not 88oa app?op?i«te for iet@3?»liiifi@ tSm sooXetf di&f^ sitlJts 
f»i» tilt 8 ©eatt»ris)g ast«* fhis i» aaisOy I»O&IP« t}Miy 
r t q u l ^ QonsMesatiosi of atv@ri3. M | ^ v o«4er tttvm inrol-vlag 
ti«o«»^i^f tlix«»-li»af and otiitj* ma^s'»^^ ^mtttimn ia t ^ 
«naljr»i«* @f aSliwtloii of vmh h i i ^ r oiemr imam im not oiOir 
diff idiat fo» ir««lJLitie sitttntioiui Imt i» alto D«Mt witii sons 
«iio«ipt«iatJL«s ^«8aM8i of tli« l i t t l f t JUifor^ittioa pr^wiolljr 
«r«lla)»X« on M0»xt ew^x nml^aae gvoiiadHitata daasitias* 
fHa otbar affroMOte tHat tum baaa axtatiaivalLjr m%i?^^^' 
t99 analjrwiiig tfaa a aaattaviias data ooaaiata of naglaoti]^ 
aoflt aeattariag pspooasaaa tetwaan thm niieXaoiia of tho pvojaotiia 
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«nd ttM tasfit In vmh « ««3r that th« o pairtiolt nXvaSPft 
x«a«ln« in i t s grotxoA fltAt«« fbl» loaas to «& •xpir^soion for 
tilt #l«9t&o s-ffifttiri% foi? « fidattdrlQg wbioli lo of tti« 60ii» SQXM 
08 tbat for tha U»wiol%vm •oattorlogl w i ^ thii Aiffoianoo tbat 
m mpXit\xm le yopXttSea 1^ th» IHi onpxituia ••almtid at tli* 
ftueioott kinstio OBsirgr •d^ cdL to tht pffojeetilo IdLtietIa oncsfgar 
ffsr fitoijtoii* Hose onislJtoiti*^ i» ttiUi a|}p!ro«Dh« tho pso^ootU« 
is treated a& a rigid ontlty a»A tho pro^ootUo^^iioloois SP^H* 
tuai a» ftlosentarir, Booimao of thie i t 13 fi>o<|uontl^  r@for£«ia 
to Q» ttie j»ieia«>pro^«otiXo i^dol in tho litoraturo* 
Ol>viou6ly» thio ooieu3.atioii of ttia dl 5eatt»ring in tl30 
riciid^pro^eotiio {no4«l proooMe olone ti:o saim li»t@ ae tbs 
ealotalatioii of the H^ nnolOQC! eeattoring* A oosparisoo of tba 
psoaiotio&8 of thm ri6id<»iro^ootile s^doi for <x«- c ^ (s«Oa 
acatteringt^^^^^ at 1,37 QoV eliowo tHat thia mmi p«>via«» 
a groat iaproYOmeeit ofvar tho o^itioal i i a i t app^oxJjaatioa^S 
partiouiarly in ttm forward mgk* rogioii (tliaaa oaleulatioiis 
haro imoa maao osployiog tha tar^it iirotuid<-»tat8 donoitiot a* 
givoa lir •loetroa or proton Mattorios axpariMBt* and tba 
iMc aaplitiadi a8 givoQ hj ttoo aiautwr aodaX oaiotOatioR )• 
Uiifort«aataljr» tiiart • t i U roaain aiMat>l« di»oropaneio8 tetwaoa 
tbtory 9M •aqporimmt at •aasntiaXly a l l aoaMiatw transfers 
for an* at Xargsr •oMotiui tnmsftrs for Ca iaotopov, 
thus* tba rigid»|roja«til« aodoi, as i t Hai tootn appliod o* 
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fart do«» not w&m to tw euitaulA for iftt«]Raining thii t^@Bt 
prop«2rti«» fvom tl» a «eatt»r4ne 4Uit«» 
of tl}i smthoda Klthnv t^o «p|ai«d for coialjrsiQg tb» a«ai:ffildu» 
floattpriiig •acpdrioeats i s eatisfootory for obtaining iufoj^atioo 
o» tfm nuol«ar ta£^t 4onaiti«0» fimmSov9f i t wouia U® %mrtiw 
wiiiiii to a«t i f a sljupie laothos of aaaif&io oouid l» foimd tbat 
wouia allow os t^raotioQ of aioro reXiiibid infonsatioa on imalsar 
doneitios froa iatamt4iat«i on^ rgs^  tinmalMUB eoattoring 0S]^ ri** 
aiBcte* i s tiiifi work %?o Sffvoto oureelf ciainiy to tliio |troMi^« 
first» ^m msi3m a oritioal rovitw of tho Tarious isroviously 
profoeod ie»thoae of Qtiai^ reis for tho a«*ni2oi@i28 eoftttorii^ o^ s^ ri** 
tmn%& sa 00 to m^ tuoir XiiBitatiosui for dfttoiaaining %l)& imoloar 
ae'-^ 8itiofi aora tranepar^et* 
BQ^P romftiuing witli tiMi rieid^pro^ootild fraisowor t^ w» 
propooo a BOW mthod of asal^olo ti)at oooaw very «ppropriat* for 
tiw liurpoM of nuoloor strooturt etudioe, Sha setboA couei&t* 
of using an affietiva S~a anpUtuda with on* ad;}ueta l^o par»» 
aatar iostaaia of tha ianaraliy uaaA fr«a U^ ai^Xittiaa iii 
abtaiat4 tbaorotiaaUy tt9m tim m anplittilto* mm amslXl mm»rMvm 
tranafer (q) part of our affHotiva aupXitu^ ie fisctd from ficaa 
Uti aaatttriOA aaqparlntnta whiXa tha X^ orga 9 part which i s 
aaaunad to ainuXata tba niaeiXaar aadim affaata i s treatad phano-
nanoXogieaXXjr* tmwt»&& of applying tha propoaad nathod for 
4litar«ini&g tha tar8*t daneitiaa^wa daikoiiatrata i t s appX '^^ ^ '^^ y^ 
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of toiofMO &w»X«ar dBnsitioe at irarlotui «n«rgi«8* £h& OQnel&^m^ 
Of tD« j?^ tiXt& azKi tD« exoaU«nt iTits that wd «obi8vef epdolc 
af th« tisot'ulticoti ot ttm aothod propamia IWM. 
In ifhat folXovst ^^^ obaptdir l»£iiui with a Qualitative 
ictroduotion and pfoooods Crom l^^ipa^iital ooiXNipte m& ^^mntixO, 
mtail» to m^oXop ttm ai3)>|«ot and to m®km the pi^esoetatlon 
ol0eir« Oti^ter IX IQ mvatna to|tli« ttwosetioal j^ t^ t^ Mi^ rdrlE timt 
fozsis tbe hmiB 0f th@ la^ aee&t vavk* It givee a briaf ajaoount 
of GXaulwr ffiuXtipX« eoatteriiig tb9»i«r'^ ^ for ntiolfioii^ imoloua wsA 
i t s g@Q«ra3.i»atioei to oi«isXo%i@Ha^ lQt»3 oollieioti, i t ^m glvos 
a Ia?i0f oritloaX jf@vl.mi of tbe various propoeeo stethode for 
@iraluatlng tti« OXaator sodoX fmoXoia^ auoXoue soattoviog «KKpXi« 
tuas at icslaziiadiXate oiioir@i»0« 
IQ ohaptar IXX» \m dinouaa in eoma detail tha rl, id* 
pro^aotixa aoOiOX for at aXyaiog inttrsitdiat* •nargjr «<»iiU9Xttua 
aXastia aeattariim and d8«9n«^at» that ttia di«er«paii0i«9 
Iwtntan tho pi^ diet ions of tHis KodaX and a^avJatnt eaa aot b« 
rm&ifA by t^ oiag a »ojra roaXiatia tf li*a aeattariog awpXitud** 
mxt, wa piropoa* an afftativa IMt tfipXitud* iofoXYine otOy one 
widuatabxa pa3etf»tar fov aoaIy»in< tha •XamHtio a->ntioX«tt8 8e»« 
ttariag aaipariMiata, Oaing tiiia aispXituda and tha iraitad»8tat8 
tarfltt danaity an 8)»tain«d fxoa ottor ajcparlatnta^ wa first 
•oniava a niea f i t to tha aXastis a-^ %a seattayiag data at 
1,97 Om7 by varyififf tha 8oX8 paravitar of tha offHatiTa 
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Miplituiit. tim •finotivt aiaplittidi so dstsraioeA is tttutA to 
iwpjrodw* ir«rjr ftio«ljr tia* elastie a eo«ttt£^ag ^%m on t£io 
ottmv Oft iaotopte at |»^7 G«y« Hort iiit«£«atiag3^t tl)« 8{an« 
tt»plitua» @iv«0 « fairly good aoooimt of tho ootorioualy tmrft-
to^fit oiaoitio soattaritig data at %m smm oneraST* Xo 
this Q&aptor» t!»a also d«»oi38tvate ^safuXnsss of tbs pr@6<»mtl^  
|U»»|)Ossd sffsotivs S«a anplituds fov analysing tbs a-titit^eus 
»}attoriag at soevglss lovsr tban 1*37 OsV* 
Chapter 17 le ooQosrnsd with aosrantfhat low ai^rg^ a-si^ toXous 
6oatt«riog» aorsf w« first oritioaily oiaraioo ths m&ttm& of 
atio]U»tui«ntioi<ms eoXXieion data nithio tha frasitwork of aiaa^ar 
mi4ti9l« soattoring thaory^^ aod point out i t s i0»$ikm@m»^ 
m @imt that ths Olaalwr lauitipla soattaring »odol wheti applisd 
siors £«aXi6tioalXy» i» of ofOy l i^ tad vaitas in accotrntiog fov 
ths (rslativsiir) low saargy sXastio a^miolsns seattsring in 
tsras of ths asasarsd dsasities and M gisplituAs ia contrast 
to what has lM»sn olaiasd by thsso authors* Usattt «• tiso ths 
prsssntly proposed sffsatiirs 8 ^ wplituds nsthod to ai^ aOyss 
ths s-Ca aad a«>iri soattsring data apto ths ssntrs»of-4ia8s(o«a«) 
soattsring angls ahsut 45^ at 104 Hs? and show it to he rs-
latiTsly suoosssfal. 
12 
finally t ii^ ^^ Qtiaptvr Vy «• prMent « erltioa3> eussauqr 
0t ttM p£«89nt work atid ^rJUifly ditou& a^ it» ui»efuli)tt8« for 
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It tee aXroafly t>©en stated that one of the moat 
ouco©»BfuX thooretioal tool© for describing the scattering 
of tuedlBs and hlsh energy nuclear projectiles on nuclei 
Is the Glauber raultlpl© scattering model ' \ In ©ssenoe, It 
l0 a generalised fom of the diffraction theory which takes 
explicit account of the lultlple collision processes between 
the constituents of th,© projectile and the torset, The aodel 
ragy he considorod as haeod on the 80-<3allea high energy or 
the olkorKil approjclraotion for the potentl£a. eoatterlnfj which 
vlov^&B wlienewr the Incident Iclnetlo energy of the projectile 
Is sufficiently large c«pared tjlth the Interaction potential 
and the deviation of th© projectile trajectory within the 
interaction region froa the straight line trajectory i s 
suffiolontly s ial l . 
In the followlngf we first briefly describe the high 
energy c^roximatlon for th© potentl<il eemttorlns and the 
K-nuol«U8 aultlpla scat taring model as developed by Glauber^', 
Next, application of the Glauber model to the case of composite 
projectile-nucleus scattering and the recently proposed appro-
ximation ncbetaia for evaluating the elastic scattering amplitude 
are revlevied and discussed. 
2,1 !?h0 high energy apprcflcimatlcKi 
Consider the scattering of a particle of incident »offi«ntiw 
14 
ic and kinetic entxgy E from the potential V(r) which, 
for uiraplioity, will bo aeiwmed to b© »pin-indep®adenfc 
{m will work in the motets, of unita ti • c » 1) , In the 
high energy approximation the projectile kinetio energy B 
ie aeeumed to greatly ejcoeed the magnitude of the potential 
V(r) and to be large enotjgh that the projectile wave length 
i s raoch smaller than the typical variation length for the 
interaction ; 
V 
a ^ i •'^ *^ I » i*e,f 
9r 
I J I < < 1 and k a > > I . 
tttder these conditions i t i© very unlikely that the inoident 
particle, t^ile traversing the interaction region, will be 
deflected greatly froni the inoident direct ion,so. the sca-
ttcring ie heavily concentrated at eiaall cmgles* Olaaber ' 
ban discuaped in great detail the high enei^ approzimation 
and has shown that i t leade to the following simple fom for 
the elastic scattering as^litude f (^) for the potential 
scattering : 
f ( q ) - — / d ^ e &•« ] , (1) 
where b ip the impact parataeter gTig.lcaS and q i s the 
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moottttutt transfer whose magnltuds Is related to ths eoatterizig 
angle as follows I 
q • 2k sin (9/2), 
2he Quantity % < )^ generalljr oalled tbe phase fanotlon.ls 
givea by 
X(^) « - 1 r ^ C ^ + ka) da , <2) 
wber© vistfe© velocity of the projectile and k i s tlse unit 
vector in the direction of S taicen alons *J3© s-'^ jdls 
of tho coordinate ay stem (fis«l(^, 
fbcn the phase function %(i») docs have asimuthal 
aya-TStiy i . e . , the potential i s spherically fiiyanietric» the 
expression for the elastic ecatterii^ anplitude of a spinless 
particle assuoeB the form : 
« IXCS*) 
f (q) « Ik / J^ (^q.h) [ l - e ] b db. (3) 
o 
One of the basic approximaticna, used in deriving the 
expr«8«ion (1), i s that the projectile continues to move along 
the incident direction in the interaction region, This limits 
the angular range of VEdidity of the expression (1). Ooaparision 
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with reaXlstio oaloulation shows that for typical nuclear 
ooatterins In tlio Inteianediate energy ragion, the 
expr««0loa ( i ) w«rls8 welX for 0 s<^  40°. Uomvert It neeme 
that the angular range of validity of the high energy 
approxliaation formula dopeada auoh upon th© nature of the 
Boatterlng potential. t?hen applied to the Cooloat> scattering 
i t yields the Rutiiorford aoattering foraiila #iloh i s Isnown 
to hold (jood for cHl angles. 
It aay improve our per spec t i w a bit to show how the 
hlsfe energy approxiiaation i s related to the partial wave 
expansion of the eoatterii^ amplitude which reads a© : 
whore 6^  Is the £-th partial wave phase t^lft and Pg (cos 0) 
io the IiOgendre polynomial. In the high energy approximation 
the summation over the angular noa^nta i s replaced hy an 
integration over the impact parameters. If v& adopt the 
aayraptotio oorrespondeno© : 
Id) <-—«> e.* I , 
the suaraatlon and the integration should si\B essentially 
same res tilts, Tnder this correspondence the quantity 
t2i6£ y^^ ^ u^  identified with the factor e^ ^^^ , so that 
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V ( •—»»•!" ) < : •••—'•> 2 6 ^ « 
m%t using tbe auymptotie ejtprtBaioa : 
Pj^  (008 0) :^  JQ L 2 < ^+ I") pin(G/2 ) ] , 
val la for laas© -^ and small angles and th© above noted 
ooreonpondence, m aay a?edtt<«i the pacptlal «»ve expansion (4) 
t o precisely the form eQ,(5) of the high energy approxlaation. 
For la te r appllcaUonslt I s useful t o rewrite the 
expression (I) as : 
^ Ik , 1 q.^ ^ n 
f(q) » — / e r (h) a ^ t (5) 
2n 
where 
r (^) » I - e . (6) 
Ihe quantity r(K) I s teraied as the profile function. I t 
I s seen that the soatterlng araplltode f (g) s p e a r s as the 
two dimensional Pourler tranefona of fC^), Therefore, 
taking the Inverse Fourier transfona one may write : 
^ . I - " l 5*^ - o 
rO>) - j ^ j - j g / e f (q) d^q. (7) 
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It will be (seen In tlse next atotlon that the exprtssions (5) 
and (7) towB the haBis for the ai&t&er multiple eoatterlng 
theory". 
2.2 aiatiber multiple ecattering theory 
toring dicctt9»ea the main reoulto of tho high energy 
approximation for the potential scattering ana eetahllched a 
rather simple relation between the phase function and the 
eoatterlng amplltt>de« we are noi^  fairly equipped to dieouss 
the eoatterins of a medium and high energy particle from a 
hound astern of partioles. Althou::h, in this section, w© will 
deal oBily with the IT-nuoleue eoatterlng, the method i s quite 
general and can he applied to other appropriate eituatione 
as well. 
Glanher multiple scatter lag model can he de^ re loped in 
several wEcrs. Wallace ^^  in a series of p^ers has dleoussed 
ing^eat detail the problem of email angle medium energy 
NHcittoleus eoatterlng and shows that the Glauber model ' re stilt 
appears as the leading texa in the expansion of the Watson 
multiple scattering series in powers of k , An advantage of 
Wallace's approach i s that i t enables one to apply In a 
mrstematio manner, higher order corrections to the Glauber 
model calculations. However, in practice, these corrections are 
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found to \>e «raall In region of energy and angle generally 
treated l)y the Olautjer model» 
HBjfe, w© outline 01aut)er*s original derivation of the 
raultiple scat ter ins model, l^hie derivation, e/hich i s t)a«ed 
on an analogy from the optics , i© quite slraplo and physically 
tisineparent. I t assuoes the iaoldont part icle as undergoing 
a euoceesion of individual col l i s ion «/ith coaetltuont par t ic les 
of the taiso* gysto'!!. She incident part icle i s so energetic 
t ha t , for a l l practical purpoc?ee, when i t collldeo with 
individual nucloons in the target nucleus the others hardly 
got any tirae to raove around and remain ei'aply stationary 
epectators. In othsr WOT&B the nucleonsoonstituting ttm target 
no^ ho treated as frozen in the i r instantaneous positions 
during the peonage of the incident nude on throurjh the t a r s c t , 
3jet a nuoleon of kinetic energy B and iioaetttum k he 
incident on a target nt;K$leu8 A, consisting of A nucleons whose 
popition coordinates ap measured frora the cent re-of-mass (c.'n.) 
of the nucleus, are ir^ ; i • 1 ,2 , . . , A. Further, l e t us take 
the z-€ixis of our coordinate gystea along S and denote the 
projections of T^ on a plane perpendicular to k hy ti|^[fis,lft>)], 
Thus, if ^ he the impact parameter of the incident nucleon 
rela t ive to the target o,«!, and if the project i le i s emammA 
t o follow the artraisht l ine trajectoiy alom; the direction of 
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inoia«nce» the Impact paraijeter of the projecti le wltfe 
respect to the target nacleon with the coordinate r^ ^ wiXX 
oTiviously h© (^ - Sj,). So that the phase ahlft function for 
the col l is ion with the r^-*h nuoleoa of tho tof^et i s 
> y ^ - 84)» where ^HH^^^ ^" ^^^ phase function for the m 
col l i s ion ao introducea in tho previous section, How Olaaber'p 
haoio aeau'aption i s that the to t a l pha??© function for the 
n-nuoleus col l is ion i s Just tho saia of the iaaiviftual SIIT 
phases J 
I t i s a eiraple nat ter to see that t h i s principle of addit ivi ty 
of the phase function follows dircotly froa eq»(2) of the 
previouB section if the t o t a l projeotil© nucleus interaction 
potential i s juet the eui of project i le- tarse t nuoleon 
interaction potential and i t i s assumed that the target 
remains passive during the propagation of the pro jec t i l e , 
HOBpevert i t in quite legitimate to regard eq.(O) as the hasio 
dynamical assumption of the GlaiJber model whether or not the 
interaction of the projectile with the constituents of the 
taxget i s descriheible in tcros of a potent ia l , 
Recalling the developments in sec t ,2 ,1 , the scattering 
amplitude for the fixed target nuoleon coordinates oorrepponding 
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to the total phase funotion X^  reads as I 
The above expression le s t i l l on operator over the tai^et 
ooorainater^ so that the scattering amplltuae for the transi-
tion from the ground state 4^^(rj^,#. r^) to the excited state 
"^f%r'>^A^ ic Siven tjy 
A 
(9) 
fhlG lo tlie basic result of the Olatiber aultipl© scattering 
aodcl' , 
In oY^ der to naSse the raultiple soatterinc; nature of the 
theory transparent, it i© convenient to define the total 
profile function as : 
i 2 T-wwC^ - 8 )^ 
rjjVhi m^^,.^m^) " 1 - • *> *-
1 
where fuu i s the profile function for the j-th nuoleon and 
use has been raade of eq,(6). Expanding the product in the 
aibore equation one cA>tains'^  t 
22 
It i s Gvidont that first tefra describee the cobersnt 
coatterins from A diptinot aucleons, th© second one^ 
Buocoosive ocatteriajj trom tivo aucleons and so on. I t i s 
tjorth notiog that the sano micleon indes never occurs twice 
in any of the ciultiplo soattoring terras. fheTcfove^ in a 
nuclouo one nover ha© ©or© tton A-foXd scattering* 
For future convenience i t io u^ful to write OQ.(9) for 
the elastic scatterins in following foro t 
ohoro the pattering a^trix S ie defined aa t 
<12) 
While evaluating the mattix ele^ients i t nuat he reri^ nObered 
that the target nuoleon ooordinatee* sirutc they refer to the 
o.a. of the target, are not totally independent, r::ther they 
raust aatifsfy the c,m, oonwtraint. In other words, the explicit 
fom of th© matrix element in ©q.(ll) i« : 
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A 
^ \ i 2 i%r^\%>f\^o^rir>h'>rT!^[i-TasC^ -^p] 
A 
So far \ve isavo neglected the Cotiloat) eeatterlng wMoh 
tnast toe aeeocHted for i f th© psojeotile I s a chaiged par t ic le 
l ike proton and have not distinguished between neutrons and 
protons constituting the taiget nucleus, throughout the 
present work, w will t rea t neutrons and protons on the saae 
footing ana will work with the average HIT interact ion. As 
ronardo tho Coulotab ocatteriA^^ i t I s t reated following the 
approach of Glauber and 'latthia© " '^ ao adopted by Mm3.Qr\ 
I t consist0 of evaluatin*! the Coulomb phase funetlon appro-
priate to the f ini te nuclear charge dis tr ibut ion and adding 
i t to t to to t a l nuclear phas?e shift function* Shis leads to 
the following e3cpresf3ion for the e las t ic scattering amplitude ' : 
ik i Q ^ i ^ o ^ ^ i^r Cb) 
where 
FQ (q) - - a ^ k 0^ ^ / q2 
) 
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b^ 1/2 -, 
- a - - 5 ) { . (15) 
In eibove equatlone/ZlR the fins etructure coi^taat, /ch^*) 
io the oharge deneity of tbo target and 
with Tf an the EuXer constant^ It raoy be recognised that 
1?^(Q) i s the point Coul«nb scattering omplitade, 
2,5 UuoleuB - nucleus scattering 
The Glauber multipl® scattering model'' for the H-nucleus 
scattering, as disousned in the previous section, can be 
easily extended to the oaee of medium and high energy 
nucleus-nucleus soatterins. The iitportant step being the 
application of the principle of additivity of the phase shift 
function^ 
2o 
Cottolder the scattering of a projecti le nucleus with 
mass nurdber B on a target nucleus with nasp nuraber A as 
ohofm in f ig .2 . Iiet Vj^ (r^) be th© ooordlmitso of the 
target (project i le) nucleus and Sj^  (e^) be t he i r projections 
on a plans perpendicular to the direction of the projecti le 
moaentua t as dleplc^ed In f l s , 2 . Obviously, the phai^ e 
shift function for the coll is ion of 3-th project i le nucleon 
with the i«th target nucleon i s 
"^ BH^  ^ - ®1 * ^5 ^ » 
where f Is the impact paroaeter. Invoking tho principle of 
additlvity of the phaee shifts, the total phase function taay 
be written as : 
1 i 
tUherefore, a generolisation of the developnKJnte in the 
previous seoticn leads to the following expression for the 
e las t ic scattering amplitude for the col l is ion of the nucleus B 
on the nucleus A : 
A B , 
lie. o 1 i s ^ if, A '^ M< -^v«j> F ( q ) - ~ / d 2 b e ^ ' ( 1 - , ^Jl-» ^"^^^ l-VJJ. 
in) 2n - V ^0' »To^o 
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where "^ and ^ are the ground-state wave functionB 
of th» target and the projeotil© nuclei respectively and 
q i s the momentum transfer a© before. 
It io convenient to writ© eq.(l7) in the form ; 
fM" -~ / d^ b e [l-(^o^ol^<^>Ito^o^l* ^^ ®> 
whero we have defined the S««fii3tris opej^tor in the impact 
parameter spoco a& : 
In writing eq,(l8) vje have used the relation (10) het^ sieen 
the phase shift function for the nu ©oattering and the 
corref^ pondir^ profile function fjuj. Since tho profile 
function pjjjj i s Junt the two dimensional Fourier tranpforra 
of the elenentaiy m amplitude f^ [of,eqt«(6)], it follows 
froo eq.Cld) thcat the elastic nuoleua^nuoleus scattering at 
interfilediate enersiep i s connected with the directly measurable 
HH a^litude in a rather simple toanner. Of course, the eaiae 
i s true for the hadron-nucleus scattering [cf,eq,(ll)] . It 
i s this feature of the intexiaediate energy nuclear scattering 
^ i ch t!ial:O0 it of '^ roat intoroet for nuclear structure studies 
as will bs discussed later. 
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Before proceeding further two clQrif!5rli3i^  remarks are 
in order. First , the elastio Boattering ajuplitude as given 
ty eq»(10) io for th© projeotile-target c,a« fgrstem if S 
i s tlie o.ra, ffloaentum ana for t!ie oorrespondii^ It^ treem if 
K ie interpreted to t)o the lab aomentuo of the projectile 
nucleus. This ei'aple relationship i© a direct coneeQuenoe 
of the simple transformation properties of th® ffmll angle 
eoattaring aaplitudo in th© two frames and the Lorents 
invarianoe of t ho profile function r(h) as diocuseed hy 
Pranoo and Glauber"*^', fhroughout this work a© will tcOc© K 
as tho c,ra, momGntum, 
Second, for tho projectile inoidont irinetio energy E, 
tho input IIU profile function Pj^ (or tho ITU scattering 
amplitude fjuj) will ho taten at tho incident nuoloon kinetic 
energy Ey^, i*ere B i s the nudber of nucleons in the pro-
jectile nucleus as before, fhis assumes that tho miolear 
binding effects are n a i l at eneigies of our interest. 
So far our discussion of the nuoleusHiuoleus scattering 
has disregarded tho Coulomb scattering ^ i o h in quite 
important, This deficiency can be remedied rother earily as 
explained in the previous section for the eane of proton-
mcleus soatterins. "^^ only nontriyial difference from that 
case beins replocenent of the finite miolear ohars© distribution 
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of thi target by the folded aucloar charge aistrlbutlon 
of the projectile and the taxget mtoleua. Thus the formula 
we have used for oaloalatix^ the differential oroee eeetion 
reads as I 
— « |F^(q)4 PJJQ(Q) | 2 , (20) 
where 
. . iK . o 1 q.h i A 
. o ( q ) « — / d % e e ^ [l-^ <* %<*>]• C2l) 
no 2^ 
and 
F o ( Q ) « - 2 ' [ S e V*^^ 
with 
%(h) « ( % ^^ j S (^)j t^ ^^ I^ o ) . (22) 
pt ^ ^ 
fh© quantities 'X-g (b) and 7^,(^) in the eq.(2l) are given 
by the equations (14) and (15) with the dlfferenoe that the 
fine structure oonetant \ and {^ {^ (t) ^ould now be read as: 
1 - Z^v %/ a37.036V^) 
where ^^  and ^'^ are the charge distributiona of the target 
A B 
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and th« projectile nuclei , r©op©otlv«l^ and V^  ie the 
velocity of the projectile in the c.m. fraae* 
2,4 fho naolear Snaatrix 
FroQ the dieoussion in tte preceding ceotion it should 
bo clear that the main probleia of the Olmiber model calculation 
for the m2oleue*nuoleu0 oollieion i s the evaluation of the 
elastic s-oatrix element %{b) as given hy eq,(22)* It will 
he made traasparfuit ehortly that this ie indeed a foiraidahle 
prohlem if one wishes to evaluate i t osactly for realistic 
situations. IJherefore, it i s not ©urprisins to find in th© 
literature that different authors have tried to taclde this 
prohlea in different isays. 
In order to <«|ive an idea of the coaplexity of the 
problem^«« very briefly describe the various past attempts 
for evaluating Sjj(b), \le consider such an overview as an 
important coraponent of our presentation, for it would help 
in attracting appreciation for the great siaiplificatlon we 
have achieved in the interpretation of the a-nuoleus elastic 
scattering experi^aents though in a «eai-phenomenolo.«5ioal way, 
2,4^) The approach of Cay« and T^ aximon 
Cssyis and 'laxiraon '^ were the first to undertake a ayste'natic 
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study of the Glauber ciodel for nuoX«u»-«uolou8 coll laion 
at taedium and high energies, The oesentlal feature of t he i r 
appro^h for ©valuatins the elaotlo S-aatrix ele^rtJot Sj^ C )^ 
la to assume that the ground-state many-*ody densit ies of 
the target as well as of the project 11© may he isrltten as 
the product of the eln'^le-partlole model densi t ies y^* 
and i?^  ' e i^ch noraallsed t o uni ty. In other wca?ds these 
authors asRU!90 : 
U « l JA J A (23^^ 
and 
^« 
whero r* and r^ aro the position veotors of the l-th and 
the Jth nucleons of the target (A) and the projecti le (B)^ 
respectively, fhp three di'>ienelonal 6-function In the above 
equations are to take care of the O.BI, constraints—— J^aa, 
nuolecons In the nucleus are allovi^d to <nove Independently 
except that the i r c«a, remain fixed In space. On substituting 
eq.(25) In eq.(22) one obtains : 
A B 
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I t l8 eaay to see tbat the sibtnre expreaslon gOQB over t o 
that fop the H-nualeufl colXlslon If e i ther A or D equale 
unity » 
The pre801X00 of the three dlmensionaX 6-function in 
©^•(24) coaplioates the prohlea enormously whioh can for»» 
tunately be elapl if lea hy invoking GartenhauB and Sohwarte^' 
prer^cription for account ins for tho c .a . constraint s. This 
prescription consiste of ignoring tho 6»function in ©q,(24) 
to ohtoin a aodol e las t ic S-taatris Sj| ' ( b ) , wMoh io then 
used to calculate the lodel elasrtio scattering amplitude 
F^'^'Cq). Hezrt, the sealiBtio e las t i c soattorins aapUtude i s 
obtained froa F^^^(q) urging tbe e q u a t i o n ^ ' ; 
vrtiere ®ACB) ^"^ *^ ® ^*^^ correction factors for the target 
and tbe projecti le nuclei, tnfortunately, thP above prescr ip-
t ion IR exact only irtien the colliding nuclei are desoribable 
e i ther in terms of the harmonic osci l la tor shell nodel or 
the gaussian single-particle densi t ies . 
Even af ter tackling the o.m, constraint probls'ti as 
described above, evaluation of S^'^'(b) presents a formidable 
computational prctolem. I t can be evaluated exactly ^ ' only 
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for the gausslan s ingle-part iol© model densities • Heedleei 
to say the gauBpian model i s far frffa reality except in 
few oasee* 
Csya and 'faximon '^ also dewloped an approotimato poheiae 
tiThioh can be used for the single-particle densities of aaer 
forts, Shie i s the so-called their optical limit renult which 
roads as ; 
1 l^'^^tjo) 
Djy ^(h) « 0 "^ ^ , (35) 
where 
75'^ >Cr) « i AB / d^ r d^ r* (^^hv) (f G*)r^{^^^B') . C^ O 
op 
tnforttmatoly, thio approxiaation, ac shown T>y J'ranco^^', and 
Pranoo and Vertaa ' ' give© highly uneatiafaotory re cults for 
moderate and lar^e awaentum transfers, 
2,4(h) ?he phase expansion approach 
The failure of the taethod of Caya and "Saxiaon '^ lead 
12 ^ 
Franco and Versa ' to propose their phase function expansion 
t 
f o r Sji Ewn in this case one ends up with a ottabersoi^ expression 
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approaoH for evalisatlng Sj^ (^ )» »^ esRence, this approach 
ir etmilar to that of Olauher'' for the oas© of n-ttucIeuB 
scatter!!!^. It oonelsto of defining the total phase 
funotlon 'XjC )^ through th© reXatlon i 
SjjCb) « ® 
ana oxpandiiig 'X^ pCb) ia an Inflalt© series as : 
-XjC^) « T^Cff) • XgC )^ • -X^C^H... , (27) 
where 
7\(^)« i JSB / q^(^-3+9') 4<r) fgCr*) a? to\ (28) 
T-gC )^"*-! [-(T^C?))^ -^  A(A.l)B(B-l) 
^/ rgHC -^flx^ Sj.) rH|i(t>-S2-^ 82) / ]^ (iPi.^a) ^^  ( i \ .r2) 
'^ dr^  dTg dr-i flrrt 
xdr^ drg fir^ |t 
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f 
and 80 on. 
In th© 8k\>&m expreasioas ^ ( B ) » %i^}^*^^ ^'^ 
ireopeotlvely^ tlie inctr inslc one- and two-*ody aeneities of 
the targjet (project l ie) , Tbe ©xpreaelone for ^ ( ^ ) f %^^) 
and so on wMcli involve three-boay, four-^ody cuad otber 
aany-boiay aensitleo are oumborrota© and wil l not "be giwn 
here . 
12 ^ 
Franco and Veiwa ' have studied the convergence of the 
cserle© for %jj(^) aesurain/i the Independent part icle model with 
the gaueslan densit ies In which oaee the blchor order terras 
con he evcduated onalytioaXly, ^hey find that the oonvergeno© 
of the eerlee i s rather slow, so that even for caloulating 
the eoattorina in the jirencntly ooverod moiaentiitn transfer 
region on© oust oonaider f i r s t three t o four terms in the 
expansion, Since evaluation of T - g , ^ * e t c , for r e a l i s t i c 
densit ies 1© heset with many di f f icul t ies (particularly 
heoause of our poor knowledge of higlwr order densi t ies) , 
i t follows that the phase expansion approach, though i t 
' i t tMor he pointed out that the expression (20) for %, (h) 
i s different from the expression (26) for /Qp(h), in that 
i t involves the Intrinsic^onB-^ftdy density 4 C B ) ^ ^ ^ * ^ 
not the model density ^nM] 
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pirovldew an Improvcatat orer the method of Cssyss and 
'laxlTjon^ t in not practicai»k ©specially for extracting 
information about nuclear densi t ies from tine e l a s t i c 
goatterins data. 
Fairly recently, AlkhaBOtr^' hap proposed anothsr 
approaoli for evaluating S^(t>) ohiofc. i s a generalissation 
of hie correlation expansion formallen for H-«ttcleu8 sca-
t tering^®'. She basic idea i s t o write : 
and e:^and G^ as J 
^ n21 ** 
with 0^(b) " / f^(r) y^d ) rgsC* - B* B ) ar to , 
ana 0<2>(t), a<%) ana so on which aepena upon tha two-, 
th ree - , and higher-body densi t ies , have s i a i l a r etructui:® 
ae in tht oaee of the phase expansion approach ' , Here 
again one has t o deal with an infini te oeries with poor 
oonversenoe and the tem&TlcB iiade as regards to the usefulness 
of the phase expannlon approach are appllcsible t o thip case 
as well. 
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2,4Co) Alaaad'fl effective profile approach 
Aljraadl^'Inateaa of expaadins th© total phase shift 
function or 0-(^)» expands the elastic S-taatrlx %Cb) 
itfielf in teras of an effectiv© profile function to he 
defiosd shortly, fiuch an ejcpaneion see-n© proferatole over 
the preiriously diecuseed ones as i t leads to finite nut^ her 
of terras asaiaet infinite nurflior of torag in the previous 
approachse. Due to thiSf the various terms in the ejEpaneion 
are caenahle to a diarect iatorpretat icm in terms of the 
oinslo, double, . . , , eoatterinss of the nuoIcons of th© 
opllidins nuclei through on effective IHI intoraotion. 
If m define, 
f^ oo<^ > " «^  4^^> 4^^*> r^(^-s*e*) to to* , (29) 
where J» and i-n ®5^  the ground^^state densities of the 
target and projectile as defined before and introduce the 
effective profile function V^^^  a s : 
^i3 "^  f^ oo^ ^^  - % C^  - «i* «] ). 
then i t i s easy to mo that the elastic Snnatrix eletient 





r>^(b)« ( i - P o o ) ^ . 
m-^i » , 
211© primes on the siamrmtlon eisas Indicate the res t r ic t ion 
tha t two pairs of Indices con not he equal at the eaas© tlrse. 
As aicouered hefor© for r ea l i s t i c nuoleca? fleneltles, t t e 
©valuation of the teitas iiwoXvlng aonsitieo of order higher 
than tvo t e not only diff leult bet i s also t i e ^ t i»ith 8om« 
other d i f f icul t ies such as insufficient knowledge of raany* 
14) body correlations In imclel, Ahead ' conaidero ter^s only 
upto the second order In the effective profile expansion for 
the n-aatrlx (In fact the sua In ea,(30) s t a r t s from ^« 2 
sine© G, does not contribute t o the e las t i c scat ter ing) . 
The ground s ta te expectation value of Sg In temp of ground-
state denaitles (form factors) tiay he written as ; 
<%*oJ "^2l^ 0%> -^JSJ^^^*^*>«^ • I ^L(A.l)(B.l)(G22-<^^o> 
*(B.l) (0^2-^00 >*<A-l><»21-^00>] . <51) 
She quantit ies O^^ y Q g^* ^21 '"^^ %2 ^^^ related to the one-
and two«%o^ fom factors and are the sasae as defined hy 
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Abnad^ ^% fb»ir «xplleit •xpzsaslons will !>• gii«ii in 
ohapt«r IV, 
fYm «xpAii8lon (30) for th« •lastlo S««{i;trix ft^Hitu of 
aa tMQT int«rpretat ion* Xhe first t«3» of th« txpaation la 
fliiBiXar to tht optioal li^ait veeult of OsQrs and MttadLmon^  • 
Boiiev»r» Qiaika the optical Utait result the groaM'-statt 
densitits «|)>p«aring in it axe nottho ind«pendant partiol* 
nodsl dtniitiest rathar i t in^rolvee the intrinaio denaitioa, 
fheveforet ***« o»«i» oorreotion factor which giYOs div^er^nt 
cross sections at larger aomintium transfers doee not appear 
in this formulation* As alraadjr hinted at» the suocessivs texas 
represent respectively* the oontrihutions of the doublet 
triple and other multiple scatterings hetfreen the nuoleons of 
the two colliding noelei which Involiw Tlrttial excitations 
of the target or the projectile or hoth« She effect of these 
Tirtual nnolear excitations i s seen to be better expzessed 
as the naltiple scattering ooourii^ between projectile and 
target naole;::ons in a nuclear laediuai ^ a the effectiTe prof l i s ^, 
,,U) As aentioaed before, suitiibility of Alniad*s^' effeotlTS 
profile function approach owr that of Tranoo and Vema**' 
and that of AlkhasoT '^^  l i es in the finite nature of the 
S«aatrix ssries. Cue to this* interpretation of suocesslire 
terns in the expansion i s rather easjr* further, the que i^tion 
of unifom convergence of the series dMs not ariee in this 
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oast M in th« infinite aerita •xpaniiiong* Bimr$T, dttpitt 
tht8« hMppy fttttartn of Ahswd^ s txpaaaion foi^  the SHsmtriz, 
th« ooivr«rg«no« of his terite i« s t i l l slow partioul&rly at 
laxgsr noMiattni traaefsrs and ont must inolods novt and mof 
bigter ordsr tertas for a rsalistio oaloolation of ths slaetio 
nttolettsHouolsus scattering with inorea^ing aomsntum transfer. 
Partioiilarising tf^ eSiofe disoussion to the oaee of inter-
isttdiate snergf a«nacletis elastic scattering one may say that 
ui^sss sons other more efficient oethod of analysis i s searched 
for, i t -tsiB^ not he possible to extract reliahle nuclear struct use 
inforaation from the a soatterins experiments* In the next 
ohaptert we discuss this prohlcta in detail and propose and 
test a new isethod for analysing the elastic a scattering 










Of oXl th» light ions g«ii«T«ill3r tt««A In miolear iKsattering 
exp^TimtA^f tbi a pax^iole "ponmmme eont v«i!ar simple propertlef, 
Xt i8 a upla-^nd l»9piii*s«ro oueleufi anA in tightly bound. Its 
first eaeoited hmM state which l ies in the oontinuiim ocoors at 
atooot SO 'let^ TJatwrallyt these oharaoteristies isak© the a patti» 
ele appear proainefitly in the l i s t of light<«ion nuolear prohee« 
fhahke to the efforts of the niedium eaBvgy Sacls^ croupt we now 
have adGQuate f^ ot^ at of a-nooleus elastic ana inelastic eoatterinn 
data for a esrgtematio theosetioal aosO r^sie and a study of i t s 
ttsefttlness for nuclear struotuTe studies* 
r>oon after the appeavsmoe of the l^ aclay o aeatterins data^^ 
on ^^ 0 6Uid the Ca isotopes at 1«57 OeV, a nunher of theoretic^ 
an^yses we?e aade '''*^*^% Uotahle ones aa» the analyses hy 
the naoley group iteelf^^^ Alkhasov et a l^^\ , Ahaad'^ ®\ and 
Faldt and Httlthage^% They all agree on the point that the 
optioal limit appreiiiiiiation of the lioltiple soattering theozy as 
proposed hy Csysi and Blajeiiion '^ or the so«oalled douhle«foldiiig 
•odel seriously fails to aoeoant for the dAta« Xnsteadt i t was 
found that the rigid-pro;}eetile model whioh treats the inoident 
o particle as elewtntarr an& takes the |{-<t elastic scattering 
amplitude as tiM input, giTes much better results. In fact for 
the Oa isotope it fairly reproduces the data except for lavge 
aomentim transfers. The analysis hy faldt and Hiilthage^^^ in 
the swaxa«i?ro5eotile model leads to eesentially similar results. 
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k «onei/h»t cnlmpxisr f«atut« of the rigld-pro^otUe noa«X 
le that th« project 11« anA th« taxgst app«ar rathar aaynnstrl*-
ofiklly in th» f^nnallfRi. fhecefoxvy a^ tetapt® h«v» i480 l>ee& gads 
toifards a oowplatt nieroaoopio Intevpvetatlon of ttat data by 
golfig he^ rond the optioaX limit approxittiatloii of tha multiple 
soattezlng modol^  • b^a psoirioualy diaeuoaed phaea axpaneion 
atathod of fxanoo oxiA Vem^^ and the S'laatipix axpaaaloa 
foxmalioia of Ahaad* '^ that allow inoltiaion of the hlgfear order 
oorreotiona to tha optical l ia i t raaiilt ia a icrateQatio wsiyi mem 
to hmm heea aotiiratad from this oonalderation. Application of 
%\mm t^thodfi to th© gaaaaiofi aii^le-partiol© model*"*'' a© well 
aa to realigtio aitoatioao** ^  proridee^at insight iato tha 
appliofiihlllty of the Olauber theory, 
^oal l that in tha ft«-natriie expaneion {eQ«(50)t ohapt.Xl] 
of i^ haad f ia iiMoh the two eolliding nuolei have hoen treated 
iOrnMrtrioally the first and the leading term of the expaneion 
oorxwiponda to the ao«oaUed optical limit oaleulation ot 
Qtsfk and mxlmon^S Whi^ ti the other teraa repreaent reapeotiYely 
the ooatrihtttiona of those double, triple and higher order 
aoltiple aoatteringa between the ntioleone of the two ooUiding 
noolei which involTe virtual exoitatione. Ahiaad has applied 
this approach to analyse the Saoli^ a«^ ^Ca and a»^ c^ elaatio 
soattering data at 1*57 (>eT retaining upto the two«body density 
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tera In tbi •xp«Bgl<»i» Using reiai«tio giwund<»state «tn«iti«« 
of th« two oollldlng nuclei h« fi&As that th« inolusion of tlii 
tiRKH%o^  mxmltir t«»Bi inprovee tbo thtoi^tionl situation gxtatly. 
In fact, in th« forward angle region thi« approach gives a« a 
gooa result as predieteft toy the rlgid^rojeotile »odel. Ihis i s 
a re^ onooui^ing result as i t places oonf idenoe in the sppli** 
ea^ilitjr of the 0laoher nodel'^ to mtoleusHauoleus scattering» 
Ahi9ad*e analysis*^' also suggests that the S-natrix series of 
th© preceding chapter ^ Q , ( 3 0 ) , ohapt. IlJ i s rather poorly 
ooovergent. therefore» in order to reaote the discrepancy 
hetseen theory and experiment» which increases with increasing 
fflOBentua transfer* sore and wore higher order teras need he , 
considered, the s««s conslusions have hesn reached more clearly 
by Franco and Veziia^ ^ 'also ih their model studr using the phase 
expittisicn fsethod* 
Even a cursory glance at the terns higher than the second 
« « . , 1 . tM . . r i . , «panrton f « r . , 4 , . ( J 0 ) , oh.pt. I l ] . . 
the ssries expansion for the phase function % <^^ ''^ eq»(27)t 
ehapt. II j reveals that their realistic evaluation i s he set with 
severe liwitetiens. this i s mainly heoause the dittensiomaity 
of the integrations inrolved increases rapidly with the order 
of the terns* Groover, these higher order terms depend upon 
the hisher-<order densities of the target and the projectile 
nuclei about which «e presently have only aeagre infornation. 
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It i0, therefore9 vexsr Qxaileely ttaet these higher order teme 
coal A be evelueteA iiithout introatielng easats for the higher-
order densities end eooe other eevere approxiaations to facilitate 
eveluation of the flttltidiaeneionai integrations inrolfed* Under 
these oirooastanoest it seems wise to postpone the ohjeotive of 
haring a fuller laiorosoopio analysis of the data pending application 
of adranoed nathenatioal teohni^ues for evaluating the higher 
orier temo and searoh for a simple slheit setai««phino!Benolc@io«l 
approaoh for analysing the data in as a relieihle loegr as possible« 
fha wmfk reported in this otepter i s an ootoocie of oor eeareh 
in thie direction and m helieirs to he sBOoessfnl. 
A oa3?eful sti2d3^  of tho various analyses of the a-nuoleus 
elastic scattering data at 137 aeV shovs that of all the 
approaches tried so fart the rigid«projectile aodel i s perhaps 
the si?9plest and fairly sucoessful in the forward angle region. 
It is* therefore» a good proposition to take it as the startiog 
point in oor sear^ for a siisple aesii-phenofaenologioal approach 
for describing the elastic a scattering data* 
3,2 l^ he rigid<-projectile leodel 
In order to show hew the rigidf>rojeotile nodel can be 
obtained as an approxiaation to ths foil Glauber multiple 
scattering aaplitude for the nueleus^-nuolstts collision, we 
follow the approaeh of Ahaad , who talcs e the expression 
(22) of ohapt. IX for %(b) as the starting point. Be groupe 
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4 B 
Tf «(*5"iTJ J [i-rOT<ff-«i*5M, 
%^> - i^, 5^, ...., i^^i ( t i 1 (Ool ^ t #^ )^ 
"^^ in tilt tuxst'fe gWBM gtat« uraTt fumtioa ana #j_ are tb« 
ivavv fimetlQUs i^ieh fi«80yil»« the vaapioia^  ststea of t\m a 
pftf^iel«« fti« <|ttaiitit|r r ^ £• tiM HI profile ftmotion at 
l>«f ©w «t 
low if %lm oontvilmtioiis of al l "but tti« a i^ airfelole 
ground «t«t« as* jvtgXitot«d» «» bafo 




8«(ff - \) - % I jlf ^ - rnB<^  - H * 'PKh (5) 
Frm tl» aif!Qtt««loa giT#fi in f^ct. 2 3 of ohapt. II, i t 
foUomi that t1cm quantity V^ih) i« |»0t tfaa profile funotion 
for ttm •lagtio S«a floattoring at the inoidftnt nttoleon Icinetio 
Bmrgy ^^ • B/4 (B i0 tl» kifsotie «a©Jigy of th» inoident o 
pastiole ae %>aforQ)» It i« selated to ttm H«8 «Xa«tio soatt* 
erins aaplituAQ at tt«> enexsjr ^ ^  tlwpough the relation : 
fg^(5) • . ^ /«% e^^»^r«(f) , (6a) 
niwro tcji i s tbo noolaon faonentttii oorr««ponaing to tho kinotio 
onazgy €g , 
tht S*HMtrix «l«»ent S^ Ct)) for tbo olastio a^nuoloas 
aoattoring mus^ now bo oxpandod in a oorrolation oorieo as in 
tl» oate of f-nuolotta ooattoring ^^h 
s^ (b) - [i - f^(b)f • I t L ^ . r„(b)f'^ 
^/C(rj, rg) r^ff - \ ) r^ C^ - i^) ^1*^2 * •••• • ^'^^ 
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mnA 0 (z^i rg) i« t!i0 ivoima state paiir eoviTeXafelon funotioa of 
the tars«t: 
with j^(i?) aaft ^ (i?^ t jTg) a© tfee one^ -aiid the two-^ ofty 
8rooiid-«feeste densttie© of the teniget. 
It ifi liseftil to write eQ»(0> in to«3© of the n-<i oeatterlng 
amplitude t^^M t2«iti3 ^^ minion ( ^ ) : 
v^ero t^<^) le the fovn factor for ti» taxg^t aoeXeus and le 
givta by 
In »oit of tho apptio«tioa« of tho rigid-projootilo modoX» tht 
serlto (7) for $^(b} i s trunoatoil at the flrgt teta to that tht 
•laatio a*<iBoltii« oeattoriog oaa ho lAmply oaloulatod la torus 
of ?^(q) and f^ ^Cq) in thia caio^®^ ^^\ 
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A« x«gArd« tb» fair oorxttXatlon «iid other higher ord«r 
terns in ttw «iepaii8ioii (7)t 8tia4ii«« ia ir-nnoleuv aoattering 
ji^g. fef •'^'3 rtiow th«li the stries oonvtrges rathur repiftXy 
nod thttt the costrihution of the pair oorxcrlation tens for 
^ditxm soft imwff 'neight nuclei ie rother ffaaXX. One oxjpeots 
the sane for a<«fiQOieus asatteriitg &e »elt« 
iOnsaa'''^ ' applied the rigid-projectile aodeX eoneidering 
0«i7 tl» flrrt t . » 1* th. . w « a . n (7) to ««ay« th. a-^ O^ 
data at 1,37 OeV» Se e^tained f^^lq) appearing in oq.do) 
ttcij^ th© Olauher sodsl in tessa© of the tin aa^plitude at 348 'IBV 
and the gauseian modol for the a partioie ( the ??*-a omplitade 
o'btained in thi© way wiU he ei^ Ued theoretical n-e amplitude). 
Be fOQttd that the taottif though giires such improved results 
ooapared to the do»hle«€olding aodelt lacks in was^ respects. 
Analysis of Alkhasov et a l , ^^  of the a<*Oa data at the eaae 
energy leada to similar oonelusion though the situation in this 
ease i s xelatiYsly hotter, 
3*3 Applioatioii of the tapirioea. H«ct mplitode 
A oonnon feature of the varioas analyses of 1.37 GeV a 
scattering data i s the use of the theoxetioal B^ scattering 
a'^litude shieh i s ealeulated in tems of the m scattering 
amplitude paMneters e» 348 %Y, It turns out that this 
aiBplitude does net xeproduce the eorsespending measured 
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p-.^ Ht «la.tftlo angular dietvibutIon oatiefaotoirlly mXX 
[aaghiea mrw In fig* l ] . It 1% %hBT«tom$ tataptlng to m% 
how the rluld-inw>5»otlU taodol voxks i f one iisfts an «iapiric«U3r 
AetenaiMd %a^«^ instead of tt» thitoie^tioaX ona. 
In ordir to e%>tain an appropriate ampirioal aaplituds for 
!!•« soattarinSf we nota that seht*aller ot al»^^' tiave paraamt*. 
risMsd tho !?•« aoattarins aapXitnde at a4»out 348 *%V asauains 
tha usual higb enacgr fonnS 
fm \ eft . 
'Ha' 
f„^<^) « - . . ^ « (l . 1 f^) e-^a ^^ '^/S t (12> 
4ti 
wh©ta cr^  »^ tlia K-a total oroea aaotion, P^  ia tbe slope 
pax^aater and 
The vaiuea of tlia pasaasetare at 948 "HT axe 
0-; " 107 Bib. ij^  « 0.5 and |i^  • 27.0 OeT^. 




Hakim *H« valGt* of o-^ aaft ^^ &9 gtv®n ia)ov0 ana •axylt^ ^ ,^ 
f|, X^  ima X^  tit fiaa tliat ® gdoft f i t to tho p»*Bi %lastlo anguXar 
ttBti?itmtio» <te^ ta in «^ t@ i^aed fjseUSA mwm l a fig* l l with %h» 
following mt of paramtor talBos; 
^« * i<yr,oo t^^ :S^ « o*5f af - 22•eg ooy'^» 
p| «• 10,00 def^t Xg • - 1.225 8®?"^ aa<S X^  « 2,$1 SeV** 
tisiag tilt fm {0 as otJtaimiA above m nsxt oQlottlat® tbe 
olartic a«s„l^ distribution for a-^ ^Ca ^atfrtng con»ia.r«g 
only tlj© first term of tbe atrie« (7) a© has hmn dooo in earllor 
B||Cls)=fi - fgCfe) ] , (15) 
with r«(b) a« giwn Ijy ®c|»(lO). toy oaloulatisg tls© fowi factor 
f j^(t) appeaaeim ia eQ»<10)t we taise the imolear matter aenoitjr 
for Om mg aotoxiiiiiod fros ttso oleotroa and iatoroediato onorgy 
proton i^attoriag experiments''^« Him vtsttlt of tho oaloalation 
i» dioplasrtd by ttm oolid ourw in fig* 2. It i« peen that 
•xoopt ia tht forward angle region the dAtm axe not fety satie* 
faotorily ieprod»eed* At a matter of fact, the quality of f i t in 
thie oate ie eeecntiaily eiisilar to ttmt cft^ tainid by AUdaaeoir 
et al.^®^ ueing the theoretical H-a amplitude. 
'She libove oaloolation of the a*^ %a elastic eoettering 
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angulcur Aistrlbutiott le a«flQl«nt in one Important respect« It 
Is well icnoim that p-^t ttla«tlo soatterlng empXltuae, in general, 
\mw two ooaponentel one ^in«>indepenaent snA the other i^in* 
dependent; 
.ihere cr io th© spin operator for the laoident mtoleon and n ie 
the unit vector perpendieuXor to the iioafctoring plane • 
How, in the rig id-pro jeotile aodel calculation for a 
spin-^{ero tai^et, employing th© expression (15) for SjjCb), only 
the Bpin-independent part of f iijj(<3i) contributeo to the a-nucleuii 
eoatteringf whereas the elagtio angular distribution for TT«c 
i^tatterins ie oontributed by both the oo i^ponente: »; 
(therefore, application of the amplitude Expression (14)1 «Xth 
the paraaeter voluee that are (Stained without considering 
g]l^(q) i s unrealistic for a-4iueleus scattering calculations* 
Fortunately, one can account for the g^ ,^  in the determination 
of fjj^ rather easily. Paldt and Osland'^ ^ find that nhen the 
spin effects are not large as the case at energies of our interest 
i s , the spin*dependent and the independent eaplitudes in 
H«nucleus scattering are approxisately related asj 
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Wiv ^ 1« a laeawur* of tbt selatlre etrength of tim npin-
dopondent ataplitade* So that p-*H» elagtio differential oro«« 
stetion at 348 ''feV ishouia be fitted ueing the eatpreoaion: 
!i;he above oonsiderations imply that to aoooont for the opiii 
effeote in N-a amplitude in the oaloi^lation for aniuoleue 
eeatterins, approatioately one ifoould replace the n-a amplitude* 
as given by eq«(l4}f by the following • 
, 2 *s -1/2 
tn.M ^ fwJq) (i * Kl e > ^Ha^'*' *I!a' ? 
with the eame parceaeter values for (T^^^t fg^ ©to. fh« result 
of Bueh a calculation for elastic o-* Oa noattering with the eame 
nuclear natter dennlty for the target nuoleus ie shown by the 
dftihed ourve in fig, 2* In eibtaintng this curve the value of 
i^i i« taken ae 4.0 Get^ whleh eeeae to be the fltoet optimistic 
value in thie energy region* It i s eeen that the eeneideratien 
of spin-dependent amplitude worsens the situation, fhe spin 
offset shown in fig, 2 i s essentially siailar to that found in 
ref, '^ with tlBi theoretical If-« anplitude. 
In oonolusion the study in this section shows that no 
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worthivliiU iTippovvtBent in tlui prediotioufi of %tm Qooreatioaal 
rlgM-*p>3r& e^etil.9 aodel oalOttXation oaa 1)6 aohieved by f«plaoing 
th0 tlieor«tioal ]l-«o aaplltua* with the e^irioal oi%. 
5,4 All effeotlve S-KI ft-aplltude 
Ao«uning that the aiauher aodel" i s applicable, failure 
of the previously Aiocussed rigid-pro^eotile model oaloulatione, 
with either the theoretical or the empirical H-a ayaplltude a« 
the input, in eatisfaotorily accounting for the a«»m20leue elairtiic 
eoatteriag data particularly at large Qoaentuai tranefere may be 
attributed to two oain reaeone. First, the approxiraatlon of 
truncating the series (7) for the rigid-projectile elastic 
S«*9atrix at the first ters mt& be unjoetified. And second, the 
error comaiitted in going froa eq. (1) to eo. (5) by neglecting 
the excitation of the projectile during successive collisions 
with tatfjet nucleons may be large, ifhatever be the ease, 
accounting for the neglected higher order contributions i s not 
only coBputationaly difficult but i s also beset with uncertain-
t ies because of the presently aTailable poor knowledge on the two 
body «nd ether higher order correlations in nuclei* V7e, therefore, 
consider it a good proposition to search for a much si!!apler appro-
ach, albeit with a tinge of phenooienology for analysing the 
a«nucleus elastic scattering experiisents. 
It has already been discussed that the csiml rigid*projectile 
aodtl ealciilatlona for the a-nttcl««8 «eatt«rli^ glw «atl»faotOfy 
x«stilts for araall wooentuiB traa»f«rs with ttws fs«« H-a soatteyiBg 
a '^ l l t©^ Ci*o* tfee 8»tttte»l^ as^lituae for tfe« »oatt®3?ing of a 
fi?e« nuoleon on am a pasjtlele), thXe holde whether out Gfi®» th© 
tbioretioaX S-a aiaplitude or the eaplrioally detorailoed one, 
Bine© the ffimll q soattoriim 1» govewaed by larg© iiapaot 
paraaeter (h) values, this aeaii® that ths larg® h hehavioiir of 
SjjCh) i s fairly detsmiiiBd by ©«i# (15) whtn f^ C^h) i s oaloulatsd 
in t%rm& of the ff®© H-a js^litud© f^ ^^ iCQ) [theoretical or 
©cjpirioal] iisins ©q, (8), i^ieh m^ he rewritten as : 
•» I ' *** 
r^(b) «-—- /^ ^^ ^ ^o^^^) ^AW tnJ^h (16) 
ik^ 
»h©re Fj,((|) i s the groenft state forts faotor of the target 
mioleus, Therefore, i t is ttiiptii:^ to see if a hett«r description 
of the ©tastio a^^coletis soattering ©xperiaont© oould he aohiered 
©ff in tefias of an effeetive f-a aaplitude^f^^ C«l)^iiwol'rii^ a f©w 
ad^ttststel© paraawters that giires the s^ae large h behaviour for 
r^Ch) as i s cibtained with the free H-a ©raplited© f^^^M 
Fro» ©q, (16) we not© that if h i© laxge, the Bessel 
function ^^(qb) oscillates rapidly with increasing q. So that 
the sain contribution to the integral coises froai a piall q 
region* In other words the large b behafiour of r«(b) as given 
CI 
by eq* (16), i s deterained vainly by the saiall q behaviour of 
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the Input N-a aflaplltufl*, fherdfow* required effective H-a 
eff 
oBiplitcde t^^ (q> ohottld be eseeatlall^ the m^m ae the free 
ir<»a amplitude in the iiaa3.1 q region, fhem ooneiderations and 
the tvuooeos of the parametrisation (X4) for the free ll-a aapll-
tode euggeet the followii^ ooHtenieat fora for the effective 
w*a amplitude; 
A"W . SL£>(1 • ?„) e'^« ' ^^ [l • f (q)], (17) 
where g-^  ie the n*-« total oroee seetion, f^  the ratio of the 
real to the iaagiaary parts of the fomard angle scattering 
ataplitude imA i^ i s the elope parameter ae hefore« leedlese to 
say that the three parametere cr^ f f^ and p* which determine 
the enall q hehariour of f^*(^) are determined hy the Il-a 
scattering experiiiente at the appropriate energy, ?i» function 
UQ) nhich i s to govern the large q behaviour of ^^^M will 
in genertiL be ooaplex and should aesusit negligible values in the 
••all q region* A rough justification for the e3Q)re8sion (17) 
for f%^M ie given in the appendix A. 
In irtiat follows we sake th»i ansiits that the q dependence 
of UQ) i» •<l. (i'T) i s of the fora: t : 
Uq) - (XR* i Xj) qS (18) 
with X^  and Xj as two adjuetaible pax«kiietera. It will be seen 
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.h<«tlr m t th. ^«, p»»>trl«.tl<>a of f * f (9) l»r.lYln, 
«8»enti«lly twd AdjnstablA pftrawtt7«» i s 'VQZIF 0ooci»9eful in 
aoeouRtifie for tbi intampdiutt em^gy elagfeio a soattering 
data, Att a aatter of faot* in alaoiit all the oases oonsidsxsd 
lisre, only one adjustai>ls prn'omtet X^ seems ade(|uats at 
IntoxiiSdiats snsxglss* 
3*5 Blagtlc o-*^* *^»**»*%a, a--^ 0^ and a*^%l eoatterlng 
9^ li57 a«V 
la this stotion «e disoribt our analysis of the available 
elastie oHotioletis soatterii^ data OKt 1*57 O^eV imident kinetio 
saorgy of ths a pavtiole, f he analysis i s hased on the 
exprsssioii (15) for B^ Cb) whioh i s evaluated in tems of the 
effeotive H-a amplittide f|^ (<l) as giwn hy eq» (17). ^re 
•xplioitly^ ifs tise: 
%«^  J - & - I ^ / q «q Jo(*) f^ ' (« ) P^ Cq) ] * . (19) 
share tj^ Cg) i s the fom faotor for the target mioleus as hefore. 
In el l the oaloulations desorihed helowf the fona factors 
f^iii) have heen fA>tained froa the ttixgct srotna-^ate densities 
as detemined fro« the eleotron ai^ d Ge? energy proton soatteriog 
experixents^'. the density pareaneter values for Oa isotopes am 
given in teble I« 
In the li«ht of the diseussion in the preceding seotion. 
5B 
y t^o!,* I I PariaMtirs of proton a»a i&etitjroii d«asltlA«« t 
Buolaus Bp(*»> a (fl>) il(i(a>) •n^ ' '^ •B""O 















































> In tim t«xtt %tm mmim& mmX^^ isattai* aeneity has tmnn 
vb«r« ^ 19 th» mmUmw &t proton* in ttio tiirgot nixiXotis QJOA 
Xt 0hoiad bo poiotod out tliat tho atHyro parostotor TaXuos 
eorrospoiMl to tiw foidod doneltioo liko tho nuoloor oharai 
dofiiiitioo. Iht doQsitJloo uMd in tbo oaXouXotlon hatro boon 
oUalnod Iqr unfoldiRg tho tabulatod doneitioo asonising that 
tlio finito oiM of tho proton anA noutvon aro tho Beam* 
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Atttxwine t!i« fluuOl q 1»^ h«vi<mr of ^a^(<l)0 8^ <mld t>t ttit sttai* 
0.9 foif thft t v ]!•*« soatteifii^ at mm foaxth of tbo kinttio omrgy 
of the iaoldftnt a paitiole* la th« pxv^ent ease tM aeed tholr 
uralnes at ifbout 540 *1e7 lnold#iit Boeleon klmtio emuss, Bere 
vi« 1280 the following iraXt2«« for tlioeo ijaraa^tore which have been 
d . t .>^»« by 8<>H.<>ller . t I d . » ) fr«, w a i »ngle p.^ »> 
soattering expex*ineiit at the emtsy of oor intexotit* 
or^  « 107*0 !i?» ?a * ^'^ "^^  ^ " '^'^ •^  SeV^, 
fhe CoulM^ eoattering haw heea ineluded ia nfll the oalotiletlone 
helow as dleooeeeft in chapter XI« 
3«5(a)£la«tle a-*^ Ca eoatterii^ 
Using the idbove parameter valute and the vealislio density 
for ^^ Ca as gitwn in tstble I, we first f i t the elastic a-*Sa 
scattering data by 'Vaj^ ying the (adjustfO^le) pareneters X^  and 
Xj. in tto oonrwe of fitting it ie Obserted that one of the 
paraaetere, X t^ ie rather rtdundant, therefore, i t has been set 
at sero in this oase. The restilt of the one paraneter f it i s 
shown by ths dashsd curve in fif« 5. ^he eorrespending 
paxaneter values are 
Tg, • 107.0 «b , f^  - 0.3i rl • 27.0 Oer^ 
and _M m% I 
7^ • 70,5 &er^» 
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It 10 setn that the oi^oulatioi} egsee» aieely wltli exj^ risieBili 
vimv tl3J» «!iol« mflaoatam tjpansfer z^gion oovez«a t»y tbe a&ta. 
It follows ftpoa rftf«^^' that of tto© three paraasfttere cr^ , 
f„ «>« p2 tb . Tilues of tin loot t« , »«» t« lat l« l7 lc.>8e 
tifioertaiatiee, tii«sttoz«» «» heeve also aade a s^aroli on the 
thi!«e pai?aaet©rs f^t ^ and X^  for tha best f i t , %e xeeult 
of 8«oh a f it i s e^ owfi hy the solid eusve in fis» 3. As 
expeotsd th« valttoo of ttes© paraoetors are voi^ olose to thoir 
pret i^ous valwoa, The paraasstar at oorfesponaias to the solia 
oorve are 
(To - lOT^ O G83, f^  • 0.33i P^  « 31.02 OeV^, 
and Set II 
It i s s^en that the solid ourve pi*0Tlde8 sooe ioprovec^nte 
(though not signlfioant) oftr tkw dashed ourve shioh alx^ady 
nioely veprodaces the data. It i s isportant to note that the 
•alees of the paraaeters ^^  and ^ l i e well within the 
experimental uneertaiatiesrihexeforet 1^  I0 quite justified to 
11 milliim«wM«>'««»«»—«»<ii loiiiinimnw—imriHiiMnii—11 ••>«Miii»ni—ii««ii—<»«««nimiiiwMi——»wi»«i>M»»i•»»—••• nn »ii«iiwi<»«» 
>It should he pointed oot that f>oh«ialler et al*'^^ do not give 
the unoevtainty in the valu of fC* HossTert since the region 
6f sBMill q values over nhioh the p-a elastio differential 
soatteriiu: cross seotion he fitted usli^ the paroaetrieation (12) 
i s net well definedt sooe uncertainty in the value of ;^ '' i s 
inherently present, "^  
bD 
aaor ttiat tb« solid curve also j^premnttt one fret parsaeter f i t 
«• tb« eiAiliAd ou}*f«« 
iSbii iaiportant ooiooluaioA of tho above studlsr i s that* as far 
. . th. odo.UUon of th« « U . t l . o-'^ Oc. mattering . t 1.37 a.V 
i s ooaosmad, tbs auolear ise&iom effects on the soatteriiig of 
tbft a partiols on a bouaft mtolaon can be nail deaoribad in 
taiffli of an affective S-a at^lituAa, ^hiobi &gv®®Q with tho frae 
amplitude at lev q values bt2t deviates tvm i t at higher 4*s« 
Shis deviation which simulates the effeets neglected in the 
risid«projeotile model oi^otdatioAs, seeas well acoo»nted for in 
teres of a singla parameter which governs the large q behavionr 
of the effective aoplitude. 
3»5Cb) mastic mJ^*^^*^%Q, scattering 
Having fotmd that the effective aaplitude aethod works 
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ttioely for the «•* Ca scatteringt the next point to be investi-
gated i s ehether the effective 9-0 eoiplitude saturates or it 
depends sensitively upon the taxsot saaa nuaber at the energy of 
interest, fhis i s inportaat for if the effective aaplitude 
Ik'' 
depends stasitivelr upon the nass nuoiber« it i s unliiceljr to be 
useful for nuclear structure stuglies. 
The sinplest wey to »alce such a study i s to use the effective 
a'splitttdti as deteimined idbovet to calculate elasfeio a scattering 
60 
«B isGls^oBrias &s»Xei of ktimtk ^ss i t tee at the ^ms^ eserg^ 
and omapare thd Msalts with «xperi»ent«, Fort&nattty» elaetlo 
a eoatteiriag data at 1»37 dot on fim» Oa isotopet axa aTallaibla 
aaa also th^ nx«uiid«iitata deaeitiGo of ttmm isotopes Itave )>e«n 
detex-aiRed from iateirsiodiata ©mtroy proton eeatterias ©xperiiwnt©. 
SheTefoi*a« ttcsefttloeee of the pre^ntl^ pyopotiod taethod of analysis 
ean easily he toeted, 
Xii fls* 4 «»ie otejpaxe tbe sesuXts of th© (pasaiaeter ft©®) 
oalouXatioa for th© oxastio ^'•^'^•^^a mi^tteitim a* X.^t C^ e? 
with QKpevit^ at* fh@ eaXouXatioae have h«ea isad^ with the 
paijaastojp 8©t 21 for ^g^ Cl) «»* *^ ^ taigot daa@itie« as givea 
in tahXo I« It i s eaen that the iresuXta of the oaXouXation 
agree with experiffliaiit wtsmfk^ly waXX« AXaoat tmm reattXte ar© 
obtained (not shown in fig, 4) with the p&rm^teit mt J for 
41^W. ^ thua find that the rigid^ojeotiXa t»odaX with tha 
effaotiTt iVa aa^Xitcda aa proposed hare, ie ^mxf mocevrntGl in 
acomintiflg for th« aXaatio a aoattaring en the Ca isotopee, 
3,5(0) IXagtic a*^ C^ iwrattering 
Bestty wt Gonelder eXaatio a-^C aoattering whioh has aXeo 
heen aeatured at X,57 <>eV. In this eaae« the rlgid-^ro^eotiXe 
modeX with the theoretioaX ri*a MqitXitude, though i t gives 
zeXativeXy better reeuXts than the dOtthXe-^ foXding nedeX of Cejre 
and i^Kxinon '^t does not woxk as i;eod as for the a«^%a eoattering. 
o 
I«zge disageteieiit 1»6tivt«ii %)m oa}.Q»l.At«a and ^xpevixmnte^ 
oro«ft Motions ttsw pro«oiit «-vttt in tht first diffvaetion 
maxlmun xegi<m ia thio case [aailsed ooirve in fig, 5]* On 
this ground wt »tt«?«ot0d thast tiM otfeotifo H-« »9plit»d« 
nA^tih fitfi tlio CHOa eoattering diitA» would not giv« good ro* 
9ulte in this oase* Aetoniehingl^t t!&i« in not the o&80« $110 
solid ourve in fl|$* 5 sliotfw ths oalo»lated a* C olastie soatte-
rii^ differential orost ifeotion «t 1*37 QeV, fhi» corw is 
c^ te^ ined unius f|^ ^Cq) witti tt» pdrosiotor net I and tb» gro»nd-
gtato density for *'^ C as Obtainsd froii ttie oliarge density of Slelc 
«nd ^SeCttrtl^ ''*' aftsr eorrsoting for the finiteness of the proton 
ob»]!<ge distrl^ittion (this ossuiiBs tliat tbo nsotron and proton 
densities in 0 are tits mm)» It i s seen that the oaloolation 
altrees «ith experlasnt fairier «ell» In partioular the oross 
ssotions in the region of the fir«t iisxima m^ the position of 
ainiaa are fairly reproduced* As a natter of faett the pxeaent 
paras^ter free oaloulation with f^ ^^ (%)» ^* xepreeented hy the 
solid ourvet prorides a najor iaiprorettent ovsr the earlier 
rigid«^rojeotile HOdel oaleulation of ihaad ' with the frse 
fg^Cq) ^own hy the daidied oorfs in fig« 5* 
e^ consider our result for the a« 0 elastic soattering as 
reaarka3>le as i t shows that f^fq) ia fairly stflible against 
Tariation in the taxget anss nuwher and therefore! suitatols for 
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lnt»tftig*ti»g nueXear oftttor densities* 
4t T9g&e(k9 tbt soso dlaosepaoQjr betwetn the oaloulated 
soattftrlRg data at l«37 9eV nhioti tmn %«mn used to oallbrata 
f J^ (Q)f coreifB a aoaenttm twmirfar segion of atoeot 0—5.5 tm 
iMMk the a*»^ C d^a «3rt?««d« opto aboat 4,6 fja**^ , fharefore, 
4 f {,) a. f l , . « fro™ ..•<W « « t . « U « » ^ «»t . . ^ e , „ . t . . In 
partiouta]* i t i« not oalilailjr that the pazoseteif X^  1» tha 
«<%• (18) which la found sedundaist for a** Ca 8oatte]^ lBg oasr ho 
important in this mm* Xh Tiew of thia wo hare also tried to 
«« a velatiirely hotter deaoription of the c-^ ^o seattering 
data hy vaxying hoth X^  and X| and find that no eignifioant 
is^roveiaent in the tbeoretioal situation can be aohieired in 
this wa^ (xttault not shown in fig, 5}« 
fhe nejct possibility i s that the mxtsktm for ^(Q) as given 
by e<|« (18) nay not be adeqcate enough to desorlbe a^n&oleus 
soattering ower a larger region of aontntuti transfer* That 
sme l»prov«iient in the theoretical sitoation oan be aohieved by 
exploiting this possibility follows fz^ on the solid onrve in 
fig* 6 whioh i s obtained by talcing: 
^M - f<^  q^  • i Xj q* (20) 
with 
Mp • 492.54 OeV^ and Xj --39.25 teT*^. 
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As ft natt«r of faot, tb» Ifitagiiuagr t t m in th« ift>ow •quation 
PTfj^ ftft* OBEljr ft fi«egi»«3> Jtei^ styymfliftisfe in tli« fitting «na it i« 
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the n^ ttxn lAiieti doain&teg tlie mom^ Thutft n^n data oftr 
on ext«iiA«a tagi^i of taostotoai txanffev ave to ba fittad^tha v 
foia for t (<l) «»««» prafarabla^ EomteTf m txaaten to add that 
thia nsada forlhar ignpoaligatioA beomzise being a XigHter 
aueXanet the ooxrelation affaota &z« axpaotad to ba lazgapi ao 
tbat tha abofa isay not turn out to ba a ganaraX faatura. 
It ia aeaful to point out tbat in tbe ooarae of fitting tba 
*^0 data me baira tmM tbat tifi rlgbt band pooition of tba region 
of tha firal &&& aaeoad espari^sssliil tsinlssa in fis» S f&vmT a 
jjaal Q* tara in Kq) ahaxaaa tha lax^a aoasefltina ti?anafar region 
daisanda tba q^ taxm aa above« HoaeTary our attaapt to aobiefa 
a fit better than aboim in fig* 6 by addii^ a real q^  term in 
•<im (20) baa failed beoauae tba fitting gate laxge weight froa 
tba higher aosentua tranafar region* 
Aa a final remark on our atudr of a«»'''^ 0 eoattaring aa would 
lilce to add tbat preaantlj tba font (18) for 1(q)» ainee it baa 
been found to work over largar region of targat vaaa nuabar« ia 
prafereble ever tht font (20) daepite tba fact that tba latter 
givea aOBAwhat better xaault for a-^ 0^ eoattaring* 
3.5(d) Blaatio a-'^ti aoatterii«; 
lapreaaive aoooeea of tba effeetiva !t-ci iMnplitude nethod in 
b4 
fiti.iag %h9 a»^ft •lastio Mattsring data at X«57 Q«? in fxsm 
of onljr out ff»© 9a»a»»t«r a«<l of *|f^ CQ> «» ^^*»* i^^ *^" 1*^ * 
a * ^ a aoatttrjUig ia iftpff0atiol,«g t w «*^***»^a aoa «-*^ 
aXaatiA eoatttriog data in tha paranatar £raa oalonlationy 
of!0oiii?agas U8 to lai^ so»8 '£a?adiotioii| In f ig, t «MI pmaif>% 
a- 5%1 aXaatia aaattari&g ct X^ S? Oa?. Tha oalotilatieii htm 
\mm otaaa uaiog lj|^ ^C )^ with tlsi pavaoiatai* ««t n &M m& gifousau 
atata ^Qeitjr of ^ i a» given ia tai&Xa X« Ma liallaim t ^ t 
tba alaatia m^^^i eo at tariffs if 0tar saa i^ra^^ woiaa follow tha 
otirra ahofwn ia fig* 7« 
3,6 iilaetia «<»^ %i ©eattaring at M% 480 &a& 699 HaT 
iSi:ioaura@8d t»y tha aucoaaaaa at 1%31 0»^ «a aleo tostf in 
tiiie aaation* i^plioa^ilitiSr af our afJDsotiira i«*a aa^ litt;^ ^© cisthoa 
far a-ntaoXaua aaattaring at eosiais»hat lovas^ ai^7gi»a* Fsr tbia 
«fa cQioaiaar tisa raaant^ jr s»aaurad {j^^Hi alafftie eoattoring )3sr 
tha Saolaj ^fav^ at tba aaavgiaa 340» 480 and 699 ^ ^ and a»a3^at 
i t ia aaaantialljr tha ainia sian&er aa tba alaatle a»^%a eoattQriog 
in %tm i^ raoadiag aaotioa* t\m oalonlationa b«ra hmn aada uwXtm 
tha grattad-atata mn»l%f for ^ l i aa a)9tainad froa intarewdiata 
aoargsr proton aaattaring aiqpariMata'% flw Yaluaa of tha para* 
attara of tlia danaity ara givan in tat i^a X, AB ragarda tUt 
paraa»tara (j^ and f^  of ^^M* ^^f ara talcan fro« tha 
grapha/tabXaa givan in tlia papar of £^ hwaIXar at a l l ' ^ and asa 
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Xi0tQd ill tabl* ZX, ikkioxtvmX^ls 9 ftt tlwM «n«rgit0 tlss vaXu« 
of tii« &lop9 pafan»t»r p^ %» r^t roXia^ly s^own* '£tmi»£i>x9t 
m tr«at p | nod }\^ a» «d|ti8tftia«^ 
In fig« 6 ^ (UepOiOr t&« f i t aebieveft at 480 H«?, tehi* 
oorr»©poiidl8 to p^ «72»7i Gtf*^ aod /^ j^  • U6.59 QiV**, It i0 
s@e& that tb» data fix« nio9ljr eoeoimtod for« fhie stroiJ^jr 
s^'-gdete that %im 9£imtiv^ as^litude iiethod r^os^ n wilX at ttilji 
onergsr also* 
^ext» In fig, 9 w» pjpseeat results of our f i t at 540 f1dV# 
She eolld om!V9 la olTtalnod when w« tak» f i^uss of en. aoil £. 
f^ osi tbs tablo n axid Tary p^ and ^g to @et the t^st f i t at 
p | • 65»70 Q0ir^ aud A^ • 10.0 ©0?* ,^ It i© eeon that tlia 
data 0X9 aooo«Bt©d foir only <|ualltatlvoly» Shus tiio ofisaotiw 
ampXltudii mtbod as appllad b&m mem tu "^ 04-1 at tUlfi anorgy, 
^hla i s hara3y aiarpj^ iaifig* fho Imidont u kioetlo enoror p@i? 
nucI«oi} \mfLtkQ oonsldored now i© low ©no^ fb foi? tbd amJloor 
Madln^ and tho antiaymMtrlsatlon aff»ota to \»Qmm importarit* 
It i«« thortfosQi not uolUcalsr that not only th@ lar@» Q part 
of tha affaotlva IMi aaiplltttd* t^ ut also i t s »m&ll <| oofi^nant Ijt 
difftrtnt fiwa tha aiaplitadiB for fxea S«a aoattaring* ^ith this 
in viaw \m irariad tba paraffvtars g^ and f^  aloo to 00© i f a 
f i t to ttao data ean ^ wehlavad in thia way* f ht rootat jf 
Buuh a f i t la ahown 1^  tha dastsid ouirv« in fig* 9» Sha 
4B!Wi»»W*i"«mw»i 
kinttio cr» j„ 




480,0 145»0 f , 09^ 
6$%0 110.0 0.99 
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oorrwponding paronettr •aXui» «»«i G^ • 150.7 at>» 5^^ • l,5&t 
0^ - 70.28 OmT^ and >g • 25.0 Ot?**. It i« wea that %im 
data 10?* xile«3jr fltttd* m t ^ a find tl^at t ^ aflStetiv* 
asrplittidt s»thod ii»ith ttm for» of ttitt aia^ituda an e^yn tyr 
•Q* (17) worlce w@Xl aran at Icwaxr @nargi@a prcvvidod tbat nt 
tir©at al l ite paramtara a& fXro@» m % mattai? of faot» thia 
inatt'od Wax^ raaPona^ i^r r^alU &mn at erad^  lowar enargita an 
« i l l ba ah9%m in tlna mact oliapt^r* 
fiiMOl^ *^ ^^ ooaelder t^a aitiiation at 699 l^ @^» Xo ^i8» 10 
^ dispiasr tiia t)a©t f it aotiiev«d «ith t!i« iraluea of CT^  and f^ 
^ gi, .n in t » « . U ana p^ . 58.47 0.r^ «.« \ . 86.9 B.V-*. 
Aithongli rda;^aaia^ good ^uaXitatira agrd@c@at ^t^aan thaoi:;^  
and aatparlaidnt ie aanifaatf tha situation dan tiardi^ r Tm said m 
aatidfaotory. I«rgi diaof^ dj^ anoiaa at hig^r ootaonttis traii&f i^w 
and 8os» (tiu>iigh siaaiX) at aaaXiar monenttssi trenofiii^ a ar* dl««» 
turMng, BaoauaB of tha good auooaes of ttm ps^ aaent aathad of 
analyeiii at 480 mi^ it a failwo at tuia •mrgir cannot tMi 
attribtttad •aeiijr to ttia nwlaav l^ inding and antis^nnrntrisatian 
tffaeta a0 m iiaira dona at 940 flt?« In faet «« baira aatiafiad 
•uraolTat, th@% no si^ifieant Jxipyovainint in tha fitting ean 
Ui MBhiavad tuy iraieying avan (T^ and f iiithin raa0onat»X« 
liiULta, mm Xim ^%i dat« at thia anargy Mama to presont an 
inttraating aituation, wa ar* partionlarly porplojwd at aoM 
notia«abXa diaesrapaneijia in tha aaall mcoiantuB tvoxmtBv vcgion* 
In viaw of tha auoooes at 3.. 57 0*7 and at 480 MaT, ona aaqpoots . 
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tbA }4re8«nt mtho^ to wox'k at 3.«a0t in ttii Im m&mntvm %f,n»i»v 
veg$Jon at tlii« «fidrisr» fti@K«iov«, «« eu^i^st that, in futuz«» 
&9t 0fi3.y tl»i»ip0tldal h^ sdl&o ctxi&riseQtal erro:rts ar« 0£i31«d 
for to r«&oXire thie die8X«pancy« 
3^ 7 43ia9ue^ oi!& eaid iiosoXtioioos 
In tLi« obapt^ jr t^ hm» pmp9B&B a is&w ja@tbM of mmd^B^ 
ioK GmmialQm els0tid @oattorlfig Sata at IntenaddiAtd oiiorglee* 
fli0 TOthdd ooneiets 4»f irdpla0iiig the thdojrotioalS^ o\^aim& £iioro« 
^opio H-d aoatteping aaplitu^ fey QH eil»ctA'?« ^-e ceapUttjaa 
In tho usual ricM*pro3eotil9 mMl analysis of the data* flat 
f o » of %im aifeotive aapXituSo io o^osaa in uw^ti. a %r(^  that 
ite sraaXX Q |>art ia tha aape a^  tba maaeisrad S*^  amplitu i^a at 
tbt oorrasponaiflg iaoiaaat aajlton l^iisotia ©atrg^ f, fha Xargs q 
part wjjioh ic ^sv^rmd \i^ only oao fipoe porawstar ta tlia oaorgy 
r«}i;ioQ wMoh iateroeta tia laiati ie troated pb»aoeieaolO{jiQfl;njr« 
Xlia raeulte pifae»nt«d in t ^ provioua oootiona aliow tliat our 
laothod wQfk& raoarl^^ly ««1I at X@a@t at 1,97 GaT» 
Btfojc* iatrodusiag tlui efHiotivo M«a loiplitudat M^ obeoleod 
i f aoM i«prov«@«at« in tha rigid-pro3«otila mtmx calculation 
ooald te aohioTaa W uaiitg an IMK aviplituda that i» fully ooasis* 
to at with tha iMamawd iUa olastio aoattoviag, iastoad of tha 
usually ttoad thoarotieal oni ( it ahotaa tm jrooallae that tha 
lattor fails ta raiproduoa tha largs « ^hariouv of tho fcaa 
ff-*« soattoring at t i^ inoidant a pirtlola kinotie energy ptr 
69 
imcX«ott)« ii» shflMQ la Mot. 3«3f hardly M^ inprotoadnt can 
1»« «o!iJl«v«d in this mam93f9 fhiB and ti» earXiay oliservatioii 
%Gr Abiiftd^ ®' that QOQsMojfation of tl» ta£g»t oovi»Xatioti or* 
tiardljr iuiXpful in Inpro^iiif tti9 eituatioQi s t r o n g etig^ n&t 
tshcit tli« sigi6tmpeo^m%$l9 m&mx QM i t li«» tm^n nypplied CK> far 
i8 ixdmt9utly Q»iimi»n%^ this %B u»a@retap4Ablo, A&s^ tssing 
tikat tft;« ai«»1b«r BoOdl holm 0»oa» tbd approstiaation of n«s» 
iaotiag th« soBUt muitipia aeafeterings batwaen tha tar@Qt iiod 
th» pro3«etiia ntiolaua in arifiirixiig at tha rigid^^pro^tatiia 
iBoaal [«^»(5)] ttom ttia baaio oxpraesioii for ttm &-isat!fis my 
00% bi gs»oa» pactiottXarXjT for eeiouiating a-nticXaua scattering 
at Xargor aonantias trocsf^ra* fhe ai'feativa tUa aopXitu^ 
aa intra4tioad lmj» m^im to aimuXatat in a sieopxa !a«0m©r« 
affaota of approjclsiatiiig tba aacprttaaian (X) for tb» aXo^tio 
Beatrix IsQr aq* (5)« 
fha ai36oaea of tba affaotiva iUa espXitude Q»t&o4 aa pro* 
poaaa aM appXitd IMV^ hm aoisa intcir^tiais iispxioatioiifi* 
Apart froB tlit faat that ttiia atfttii^ iatroauaaa graat a t^epXloitir 
in tha aoalyaia of a*nmXaua aXaistie aaattaring axpariasBta 
at intaxmdiata aoargiaa, i t aaggaata that i t ia reasonabXa 
to ignora tha ooMpoaita atnsattira of tha a partioXa and traat 
i t a» an aXanantaxy atruetura dtiring ita paaaagt thro^h %bM 
nuoXauat intarartiiag with tha target nuoXaona via an afliatiYa 
intoraotioB in auoh a way that thi targat nuoXeua raeiaina in 
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tho ground et^t* at &mh eoattering, Shis piot%ir» of %lm 
Ouir finding that the eXaotio eo«ttering at 1,57 0«V 
om tm doeoritMd «ieli in t^ i^ aa of ttm affeotive aeapXitudifr ia« 
solving oQijr on« tSQQ parameter an^ that tha effsctive iri^^li-
ttidft om>« oalitarated oa T^Ja mptoomee uicaiy tho cloPti© 
soattaring on tha otfosr Oa i&otopea ie quite anoouraci^ ^* 
noim anooura^itig ia t£ia fact that the Bma® affeotivo ant^litMt 
Givee a fairly £Pod aoooiant of the cr,-^ olaetSa eoattoring 
data at tija aase anarsy* AXl tliaeo ©how that th© prasontly 
prapasea ooth^ d^ of anal^ois laeare aalsetaaoe in i t &M that the 
eff^vjtive 0splitada» at th® cKjat, dapends vary t!«aWly t^n the 
target Btaee i^ imher (this atataeent* hamwes^ neada farther 
imreatigatioa)* Shie aXeo ahowa that oaoe the effeativa B«*a 
ai^litude i8 calihrated on a target noQieae of kiiotta cppomid* 
atate i»i sity, i t eea l»e used to ai:alyee the »i-nut$Xai>8 alg>atio 
and ineXaatie eeattering data on other (at Xeaat iie5.ghhot]ring) 
mioXei to elitain infomatioa on the grotina->atate and the 
traneition deneitiec > nhioh ia one of the sia;)ar aima of the 
T xt ehouXd De pointed oat that. g»neral3y apeaking* tha 
e|fectiYe llHi.wmXititde, a» defined here and detexiained from 
eXaetio a-nueXeui eeattering experiKente, ney not prove vezy 
good for deeerihing «»niioXeua ineXa&tio aoattorir.g experlaenta< 
lioifefer» if the effeota of oorreXatione in the targiit nucXei 
Contd,,*»« 
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a fioattering Q^^rixmntu in %tm on^ rgsr region txnder aieoLasion, 
Sh« @ood &t3oe»ee ana tl^ sl^Xlclty of ^@ proposed isiithoa 
of a»ii3^ei» oallJi for a mriovm atttopt for a iai02^ >80opi6 ijafe»j>» 
pvotatlon of ttm affect lira IN-A aeattarlng iaapUtuaa« aiir 
att«fiqE>t in tha appoMix to thi@ ehaptor i s aot voz^ oatiafocto)^ 
in thla irdepsot* It sisRpXy provide a diraotioB, Xt is totally 
eUont on why %ht$ aicpla foziQ Bmh m givao t^ aqa. (X?) aiid (a.9) 
rwii»rt[ii*wiii*l'niiiiiiw>^>]i!)liiiM«iiiiwilillr»|iiiti<iiM»iiiiiii^^ 
axa muMtkl, em ^  aa^actaA to h& ttia osae fJIT n^ diu® and laaairy 
fmcloi in v^an of tlia i{itoj?M&aiat<i p^niioletza @cattorii30 cti^ tdiee 
&•§• »f«^ J» the aff^otiTa c^piituao aa ot>tiiiBa4 1;^  tbo pro-
sontly proposal sothod ehoitilil mowk, ^all for ttia lt)alc£^tlo eooi* 
ttoriEtg oaBO aX®o« 
fo elarif^r ti» aboir% point, ©uppoee »e oan find im oflSotiva. 
Mma, prjfil© fuiKstion I^ '^C^ ) [OP QO affootiva JMi aaiplitisa© IXw 
mmh t!iatt ^ "^  
(t'<ns in;-')-- (Yn.jT, [1- cct-x,)]|t;")^ 
'^bava i <• Oft ft t ^ eyalToI f danotic)^ tha final atata of ttm 
target &uelaua in tha inalaatio «»iiaolai3a eaatterizig. I^itis* tlia 
o-ttuelacua seattaring proiaant l»«oomaa idantieal witu tha B«-
aaclaua om^ with ttia a pactioia pXasring tiia ro3a uf tlio imcXaon 
ana Q' of tha m profila fmiotioii« 
Caaaidariag tha alaatio noflttei^ ing oaaiii tha B'»m&%vi% 
aloaaat aaii bt writtan aa (aaa •«»(7)1*. 
slcM. [1- f : \ . ) ] \ ^ ^ [t-f;'(b)ncir„7.)C'(^-A) 
If Has* _, . K r;'(V'/l )i % d^  , C N1) 
H»oaUing that tba affaativa N^ anplltuda (profila 
ftttiatian}| a» aaad in tba astialyaia of tha praaaat w.nrk, la 
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Ooning dawa to tbo reliitiv«ly low energitey i t i s 
8Atiel^i»g to find tiiftt oixr «£feotiTt H«a iimpXitiid« mothoA 
worlcs fairly milf altHong^ ttio 8tr.e«ei» oannot b« «ai4 ii6 
r^arteMo «8 at 1,57 0«V» 3ja Tiaw ot tha vex^ good f i t 
ao&iavad at 480 H«Y» %im aoat di0o7epasoi0& issaaaiit Mtwean 
theory and dxp@riraei)t far i»»^%i soatterlEig at 699 HeV tsaom 
hard to axi?lain« On tbie t^ a&io of the plafiei^la arsr^ ^^ ^^ @ 
a^aooaa ^fordt ttm @oa» notioaabla di@ore|miioi«@ pr^ Qont in 
t ^ forward angla sagion sia^ a us oiep^ct tba di0orapamioB as 
l^ oing partly of ascporitatntal origin, Sftior@for@t botii tlieorati-
eal and osporissantal effort© ba mada tu o lar i^ tli» &%%? atiou* 
Homivart on tha whoXa i t doaa tiot eoeo tm;|u0tifiad to ooixsiuda 
that %m cothod of asalyele proposed hQx& oan affaetuaa.3y \» 
i2sad for oxtrgpting nuolaar atruotura ioformatioii irtrn tlia 
a aoattorifie data i s t&ia regioRi tfeoii®li» i t i® admittod that 
Awh ffiore ^ mfk i® oaadad to raaab a dafiititiira ooaolii&ion* 
•MK WMMi« ^**v.MnMPMI»- '<~ 
with 
i t foUawc that in prlimipla, P' will ha diffarant tr&m f/^\ 
iiowtiart i f tha eorrolatioa contributions in a<}»(ll&} are SKsall* 
C and C'^ '^ wiU he aaaar.tially ttt* 9gm* So that %m Q'^^ tm 
dotarainad from tha i^ raaontly saropoMd Mthod would he uoofol 
for aaalyainc tho inaloatlo aoattoring data alao* 
Fig. 1# SXcstio m»tt&sXug of 948 Me? protoi^ on %«« Solid 
etunroi btst f i t with th« pariiROtrisatioQ of th* £)*•• 
i ^ «n^itYid8 @«» p?opo80d in tli* tasct, llafilita Qrm^t 
pTtt diction of tho theovotloaX lUm mplltvi&9 a» used 
in «wf**®^ 
Fig, 2« iila»tio eoatteriog of 1.57 GoV a partiol© on *%a, 
ilolid ctjrvei the rigid-pjro^ootile »od«l ocilattlation 
witli th« fi»o H-« aaplituds t«Q«<lA}] oorroepooding 
to ttj0 solid oi%r?« in fig« i* j^ oebod o»r79 alioiJe tl30 
«fD»et of ooneidering the epin depecdont oosponant 
in tho fjE«e B*a as^litudo* 
l^ig. 3» Analysis of ii»^%a elastic soattsring at 1,57 Ge? in 
tanas of tha effaatiTS lUn fl»plittifia« Baahad ourva 
jraprasoats the bast f i t with tha pars«»tar 6®t I 
[x^/« (ehi-SQuasa pojp point) • 6.54]• Solid onrfS 
ahawa tha htst f i t with tha partftetar aat U 
[x */» • 4,55] • 
. 4| siastie seattaring of 1.57 OaT « partiola on 
4*»44f4^^ SQliA Qurraa show tho partnatar teen 
ealaulation tuiin« tha affaetiva N-a aapllttada aorxae* 
ponding to thd s«t II . 
tig* §# BXafftie seattering ot X^yt GeV « pariiol* on ^^^ 
Solid ourv«i tli* pftrMMtdjp fx*« ealoulation with tht 
•ffHetiv* s«ci astplitu^ eorsotpoMiag to th» j^g^m* 
zafiter set I* JDasDtd «i3V7«t %tm ri£^a»pvo;3«otile 
24e» 6# SaE» as tli« solid oiM?f« io fie. 5 tjut with a dlCJe^ ront 
aDdats for 7 i^®& to2t}« 
i^ 'ig* 7* :^ ]?9ciiotad olastio eoattaring aiffarantial oroaa dootioos 
of 1,5? Gov tt paitiolo OB ^ 0 1 , 
Fig. 8» <toal5rsi» of a-.^ %i oiostio ©os&toi?iQfi at 489 rio?. 
&>lid ourvo show© tba iroeuit of tbe l»9Qt f it i^ i^th thd 
ofDiotivo :i-« ©mplltuae JX^ /B » 2$.?7{« 
i^g« 9* &fi®ly«ie of tt«^%i olsetlfi aoattorio^ at 340 MoT* 
{ioliS oi3xrv«i Iwet f i t «<ith p^ aadX ^ eH fnoo paraisiotar 
jx /^ir « 38«%]* J^aetwd ouxvt ehowe tha f i t aehievod 
hy irazying all tho paraawtafA of ^^M \^^/» - 12.5] • 
fie«10« Soma as in fig. 8 but at 699 ^V ^/B m 51«85]« 
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4,1 Introftoctlon 
Elastio o*nacX«us floatterlng data at r«latlv«ly low 
en«rgi«9 bot mil abcrn tha QmlosSb barrier ham gantralljr 
batn aaatyaed in taxss of tba optiealoooaal potantiaXei as at 
loner ens3:gl«ft* BaeieaLlyt two approaohes hisve bean tiaed tor 
dataxalning tha optioal. potentlalst tba fundamantal and the 
ptoanomtnologloal* In tbo fonaar the potential i s oaloulatad 
from tba oonatitaant nuoleon^nuoleon (M) iistevaotiona whila 
in tba latt«r» a suitable fom i s aast&itd for the potential 
and it a par^iatere are arsteoatioalljr adjueted to optiaiee 
ttae fit to aaleoted experiaients • Tba funda^ntal approaoh 
enoounters severe diffieulties owing to o»r laok of tmaajbiglovta 
infonsation on the WS interaction and the intcraotabilities 
of the nuolear maii7«4>ody problem* In oonaeqaenoe, the oaloulated 
potent iale ehile qualitatiirely ooxreot are unoertain in detail 
je,g. ref ,^*^^j, ThB phenoaenologioal approach suffers fro« 
the shortcoooiag that manor different potentials are often 
iflble to f i t satinfaotoriljr sel l tbe ssuBe set of data 
SooA i iats ago, Xiraon and Saar^ proposed a ei!^le 
aiorosoopio approach based on the dlanber aultiple soattering 
model for interpreting the nuoleus-nnoleus elastio soattering 
<»M»«»i»rM«M»«»»«»>««Mi«i»»«i»wi<iii»«iiiii»Mi»»iii»»iii«i»»iiiw»i><iiiiiiMiiiiiiiM • i m i a i m i w > M I » I H M I MHiMiiMnimiiwi——•««•«• W I I — « « 
A, good disottssion on this subjeot near be found in sef.''^' 
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•xp«]i*liii*attt at rtl«tlv«ly low •mrglttt. At flret gl«nB«, 
a proposal to adopt tbi aiao'btr appifoaoh'' intended for 
higlior anozglfts to dtacriba proof tuts In nhioh eaob nuoleon 
!B«3r cany only a f«w ^V oftoaa nnprooitlngi to agjr tht 
least. SovartheSessy Kimon and IJar ^ applied i t with 
apparont •uedoss* 'Stmy argued tlxat sime tho do Brogllo 
watvloQith X < < d« wtaexa d ie tlia olaesloal dletanoe of 
oloiegt approach of tlia ione* the atotion 1G aemiMslaseioai; 
tbat 0trot]«g s^tKseptimk aeleots only forward grasing tra^otoria* 
and that in tha a^y't^ jtotie region the condition 7/jj < < 1 ie 
eatiafied. 
Blnoe an exaot evaluation of the (Glauber laodel S«inatrix 
for the elastio scatteringi S||(h)» i s vex^ r difficult, Kirson 
and Vmr^ adopted the phase function expansion i^ proaoh 
[sect, 2.4, ohapt.n] and deriired an exprasslon for the total 
elastio phase function considering otHy upto the two^ody 
densitr texst in the escpansion, Boweter* while analysing the 
data, they further made the i^roxiaation of neglecting the 
two«^ody density tern and used ohiy the first tern of the 
expansion irtiioh depends upon the oas«^ody densities of the 
two colliding nuclei and the 101 scattering ar^Utude. Assuning 
seroHrange for the HH interaction and tzeating hoth the HH 
aaplitude and the ground-state densities as adjustable^ 
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tbesa authori olAintd that a remBOfO^ls good aooount of tht 
•lastio ntt0l«08-4iuolftai oolli«ioti Aata may b« aohi«ir«d« It 
liasrdly ii«eds stftntloniog that la aotual application, Kkrwn 
and Sar •astntialljr tt«t tbt pxaTloualy dlsouastd douhla • 
folding modol^' and that whun hoth the HH luaplltnda and tht 
densities ax« regarded as adjustahlet without atoartaining 
the reliahility of th» modified tsodel, their analjreio heooses 
oloser to the optioal«iaodel plienoaienologsr, 
m have already eeen that the elaetio anmoleue eoattering 
at higher energies ehere the aiaoher i&odel'^  i s expected to 
work oMeh better, oannot he aoooaofeed for adequately hy the 
doahle-folding taodel e^en in the low aoaientuia transfer region 
when the realistio ground*^ate densities of the two oolliding 
nuolei as detercained froa other expericaents are used, and 
further that the situation does not improve auoh hy varying 
HH amplitude paraiaeters within reasoi^hle limits^^*^®*^^'* 
It bas also been noted that the two«4>ody density term nalces 
significant contributions to the elastic a«>nuoleos scattering 
even at aaaller angles and that i t s inclusion in the analysis 
greatly iaproves the theoxetioal situation, particularly at 
low moaenttttt transfers* Therefore, one say suspect that the 
reasennibly good f it for the a-nuoleus and other nuoleus-oucleus 
elastic scattering data ever a fairly wide angular region, as 
achieved by Xirson and with the folding model, may be 
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ati« to mom uiiphysloaX rmvimtion of tte grouM««t&t« Ata«lti«e 
of th» two oollldlng nuoUl* 
( ^ 
Xn this ohaptev, i^ flrgt talm a orltioal vlow of tht 
aodifltd {}X«ib«r model o^pvmQh as propostd by Klrscm ana 
Dai*^ '^ and point owt two ahortooiiiiiga la tbalr foxwuXatioa, 
next, In ordov to see tlse uaofulnase of their approach^wt 
not i t to analyse the reoant high pxeoialon 104 ^T elaatio 
a— °^Ca aoaltarlng data^^' in a aojca raallfltlo maanar hy using 
reliabXt projaotils and target deneities, avoiding the aero« 
range approKiiaation and inoltadlng tbe two-^ ody density term 
in the analysis* m find that the model as proposed hy these 
authors wox s^ only in a snail forward angle region and that 
too when the M asiplitnde parameters are treated as totiO l^y 
adjnstsbla. 
In Tiew of the aueoesses of the rigid*proJeotile model 
with the effeotite H-a aoattaring araplitude as seen in the 
preTioQs ohaptert i t i s teapting to apply i t in the lower 
energy region* Wa do this la seat. 4«5 of this chapter. We 
find that ottr approach with aone nodifloationa» i s suooeasftil 
in the expected angular range of validity of the aianher ttodel. 
4.2 The modified Olauher model oaaoulation 
fhe partial wave expanaion for tbi soattering ssplitude 
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for tUt Mftttering of an vXphm partiolo fro's a splu-Mro 
taig*^ may b« writtan AS : 
1 •• 21 tf 
f (0) - 1«(0H — E (2 • ! ) # (1* \ } S, (oo» 0), (1) 
o 2K *«e ^ ' 
iilitxe FQ(0) i« the poinl Ooulondi eoattering «aplittiao, 6f 
tbo poUkt Oouloaib pi»««» shifty P^  (009 0) the Iitgondst 
polynonial and ^^  i« ^^ auoloar S«iaatrix in ^Stm proeionoo of 
ttM OOttlosib field. 
Kii^on and Dar^ ®' eogseait that tlie escpansion (I) wfaioh 
tioXde for all angles ta^ 1)e nisied for the ii»oleu8«aaole«ia 
soatterii^ at reXatiirely Xm eiiai^iea hy eT^imting the 
elastio S-watrlx , Sjg(h),lB the Olaiiber aodel [e<i.(22),ohftpt*ll] 
and oaloulafcing \^ as : 
GtoTloaalyt ift writing eq»(2) the folloving relation hetween 
the i^paot paraneter h and the oxhital angular quantiai nnmher i^  
hat heen need ; .,ov-^ ti^ *i^ 1'-/fi^ > 
r 's 
I I M\' Ko ~^ -* 
It «ae pointed out hy Haider and i^iS^'*' long ago that 
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idantifiOAtion of \ «• tht part naoUaw S-«atrix i« 
imsvaillttlo «Ai«ni tbi finlt«tt«t« of t\m auoltav oliaxs* 
diatri:botlon of th» two ooXXidiog nuolel am importftitfe* 
In th« light of tim didOQision glv«n in 80ot« 2«3 of ohap«lx» 
i t i t not difficult to flOe that ths «ffeot of tht finitoaitsg 
of tbo tuioUar ohn^ go distribatioa i s to sodifjr tho relation 
(2) as: 
iXjjCh) 
wh r^e X^Ch) i s the mm as defined hy eq,(15) in ohmp.XI* 
m tm,m fotmd that ^ile nodifioation has sotaet thot:^ h not 
itaportantf effeot on the an&lyeis, 
fheire is another ehortooaing in Hirson and Baaf*» ^ 
foraulation ehioh WB^ he mentioned hese. this oonoems the 
e'veloation of the two^ody dencity term in the expansion of 
the phase ftinotion [eq«(27)tOhApt*XX]» fbeee authore totiAlj 
ignore the oenfere«of««uiBB (o*m,) eorreXation effects lAiioh 
might he ifliportant'% Roweiwri this disoxepanoy in their 
foraulation does not afftot their oaXoulation heoauae ther 
do not inelude this ters in their analyeis* 
4^ .3 Mlorosoopie analysis of 104 SeT aHonoleus elastio 
soctterini data 
Xn order to see hov the suggestion of lSir%on and Bar ^ 
n G ?9 
work! iThftn a|?p>Xl«d aoxt r««Xl«tlo«lljr» «• baw analyetd th« 
•Xastio a«miol«tat toattering Aata at 104 BHV using cqs .d) 
ana (5)« Sha analyais i s aada uislog %h» axpraesioA (30) of 
ohapt.XX for Sy(b) uliiah «• rtmrite in a ao£« oonyanient 
foim (nagXaotiflig tanaa higbtr than tba tw(M}04r d«Aalty tex« 
in tha affaotiva profIXa f tmotlon axpansloa a3K>«>aobr* ^ ^ as ^ 
Sj-O*)- (x-r.o> -^C——> (x-Too^ r* (JWX)(B-.X) 
In the ^ovo aquation; 
and the quant i t iea d^, O g^, d^ ^ and a^ g whioti dap«nd upon 
tl» ona* and two*4>ody form factors i^,(B)^^^ ®'** ^1CB>^5L*^2^ 
of the targat (pro^@otiXa) nncXaus mm 
••1 ** ^ 
<^oo^^ - ( / *^ <l •" *^ %(<l) »A^ >^ 'B<^> >^  
- o 2 **i(q"»'*qj> #•0 ^ 
ag^ Cb) . / d V \ •"'^ '^^ 2>-^  fm^%)t^i^) ff)(J,,^) 
S220)W a^d-^q^ • ^ * %<<iX^  W « 2 ^ 
^4'^«X»52>»i'^<-5x*-^2>-
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for aniOysliig th« datst oorr««pond« to th« first t«m in tht 
•scpansion (4) anA io in foot tlio flo<»oaU«d optloal l ia i t 
rostilt of 0«3rs ana 7i»tl«on"» Si»iXarljr» ttai aeoond tern in 
OQ, (4) vliioti invol-vas th» t«o<^odj dansity of tba ooUid^ng 
ttpolel OGrraaponde to tha t«o«4>odF danalV ^^tm of th» ptiaaa 
escpanaion aI)p3^ o^ )^  of Kiraon and Sar* 
In thia ^m>iAi m will uaa for t|0(q)f ttaa oogimonaiy uaad 
paraisfiteriaation t 
ilc 0^(1 - 1?»«) -iP^ ^i^/^-
4a 
n^ra CTjui its tiM totaX oroaa ^otlcn» JJ^ i s tin ratio of 
tba raaX part to tht iaaginajgr part of the «oattaring aatplitada 
and ^^ ia tha alopa paraoatar for tha M foattering, 
It la ot>tloaa that aTaloatlon of r^ ^Ch) oftiloh dapanda 
npon tha Inlrlnaie fora faotora (danaitiaa) of tha projaotUa 
and tha taxgat doaa not pzaaant any prciblas. Xo airaXuata tha 
quant it la a <^2* ^zi ''^ ^ZZ ^ ^^** ^ ^ ^^ intrinaio 
two-*oay for« faotora '•Affi)^ ?X»^ 2^  ^ * ^ **^ oolXidlng 
nuoXal, Ahoad'*^ ' haa dlaouaatd thia prfJbXta In aona dataiX 
from which i t foXXowa that i t ia a good approxiaiatlon to taka : 
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nlB)%»%^ ^ A^CB A > 'ACB)^^2^ ^ 1IW lili 
a: 
(6) 
model i s not alL««r» adftQuattf s t i l l i t mm&B m^momSbX^ to 
assiaai ttmt ttm «xpr«»8i9ii (S> provides a good approxiafttion 
to tlie Qox« realistio 8it»atiott» It i s seen tliat evoa, thougl) 
wt UBO thi iiiaspsiidsat paftiel* aod«lt tt^ tvo-^ody twem 
fmtmt i s not ^tist tlit produot of two oiis«4»odr font faotors. 
Him siepoi^nti&l factor in tbs aliovs stK^tion arises t>eoa«ss 
of ttve o«a* oorrslatioA n i^oh U»M tisen totsXl^ igaoted t}3r 
Kir^on and »«r ' io deriviag tboir ©xpressioa for the twoWbody 
densi^ fevs* 
It aar tie iMSa that the eirfia.a^ im of tlw integrals in 
•t*C4) i s ft oonpiit&tioaally diffiotilt pse l^em i f yealistio 
nuolear fors fAotors s^ se to he used, therefore» the ifsqiaired 
auolear forsi faotor i s paraaetrised as a sua of gaassisas : 
3*1 ^ 
vheze «. and Cj axe the parameters* fhe adrantege oi »sinc 
this persBMiterisatioii i s that with ths m aaiplittkde as gi^n 
V eq«(5) ead the ei^zeesion (6) for the two-^ody for« fact ore, 
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9lX tin iMt%gr^9 ifiTolirta in ttm oaloulation oaa t>e tvaluatea 
afial3rtio«lly« ftm sNunaatter •«la«8 for tbn imoi«ar foxw 
f«,t<»» for *m ^ 
txafv iHiea dbtftinsa using yvallttio g7oiiiid««tftt« dtnsitl** 
for B^l and ^^0* m mmmai»&. by tltdtzfon ma proton softtteifliig 
flw iraltits of tlifi OBOiltcktCKT oonataatt ^^ CB) ^^ oonriag 
in et«(^) ^^ tslk»& trm ttm paptir of B&«f#l and WilldLn^ ^ 
for *Bi and fr<»B tijat of Aiigor and Loesbard*^ ^ for *%». 
4«4 Bisitlte of tite mloroaoopio ^ i ^ s i s and dieouasioni 
itotntlyt t^b pr«oi»loii angular diatrlbntim dat« on 
104 »V «-^ %a alastio aoattering h&m boeoae availd^la'^^ 
aaetonditig iiflo % ^ ^^ 120^ « Sinoa tlia Qlatd»er ao^l i i not 
•x^ QOtad to b« ir«lid ofer auoli a wida angular r<uiga» m «iU 
oonaidar data oaiy opt© % ^ ^ •S**, tba appar liait baing 
otioaan axbitrarily* ?iarthar« alnoa at lowar anoxglaa tha 
(a«pl. p»»Mtri.«tlon Of tl» M «vlit .M [«l.(5)] i> 
iixfllkaly to ba a goad approxiaation and alao baoaoaa tlia 
ajcaet anargar at iMeb a imolaon in tlia projaotila oollidaa 
vitli a nnolaon in ttai taxgat oan ba aatiaatad only roaglily« 
m oonaidar it raaaonaibla to traat f|^(4) aa tba affaotiva 
aaplituda and raxy ^^t ^^ and p^ to gat a f it to tba 
data, tba rtatilt cf auob a tbraa paraattar fit i« ibomi bj 
Paran«tGr iralnvs for t\m mm of gansglMi par«Mtrlsatioii 


























tte soUA ourv* in fig.l* ^ ^ oorrtspondlqg p«raii«t«r -raltt«« 
t 
( j ^ » 285«Tr afe, ?iuf» 0.91 «ia ^ • 20^05 OtT" .^ 
ttai daiheA ocrve in f ig . l idsows ttMi effeot of iitgl«oting 
ti» 0*11. oinnwIatioA ia tlie two n^oUi* Xt i0 oaloulatoA with 
tbift 99sm paraatteif values an for the solid oonre hut after 
negleoting the Q*a« foot or in e^«(6)« Tim large Aiffezenoe 
between the two ourvee shows that tht o«m« ooxrelation enters 
in an itaportant waar in the oontrlh»tion of the two«4>od7 density 
tem in $u(h), AB expected, the o.m, effeot in the present 
oaloulation arises oaindy fro!i the a particle i^oh i s vei^ 
XigfOit ooBpared with 
Btgarding the solid curve in fig.lf we note that the 
data are reprodueed fairly well for % ^ S 20® and orily 
qualitatively for 20^ '^  ®c a ^ ''^» ^^ l^^^v ansles even 
qualitative agseeraent i s id»aent, fhis disagreetaent «ti larger 
anglee taey he due to negleoting h i ^ r order texns in the 
expansion for S||(h) or due to failure of the dlauher sedel 
to give reidietie 8]|(h) or hoth« Since a realistio evalulttion 
llliiW«»l»»W«»lll»«WIMMWM«»ll»»»<r««lllillllll«Wi||il««IW«»l»«ll«»«llll»»'»IIIMII»l»»«>«lril>>IIMWI«^ 
' Hare we do not atteiwt to relate the host f i t effeotive 
cr^i with the ezperiniAtal value, fhis i s Mainly heoauee the 
twB are not eiaply related due to 7emi motion and other 
effeote. 
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of tbi hW»T ordtr terns la the •zpanslon f«r %0>) i t 
\i*mt wl%h Aiffiovatiftfty tbt px«ienl gtoay ihows ttutt tte 
aoOifl«A aiaut>«r aodtl i^ proftoh ie of oalr lladted a9« for 
interpreting the relatively low energr niicleai«f&aoleiti 
•o«ttering data even if one aeeuaee tlie validity' of tbe 
Olasber model S««atrix at euoh enexglee, Ht>«ev«r» the good f i t 
achieved in the forward angle region with realistio densltiev 
•Qggeste that the modified Olaiiber model arialjrsii ooald he 
useful in another reirpeot. ftm good f i t at eiaaller aisles iaplies 
th&t the hehaviour of %Ch) at lars® ^ i s fairly well detertsinid 
as i s also e:speoted on the haois of the nature of approxiiti&tions 
involved in the Olauher aodol, l«e« a straight line trajeotooey, 
therefore» one may use the relation (see for exaaplSt Hiaider 
and Ahmad^ '^ j^ 1 
hf I d «• h t^t Sg(b) 
to obtain the nuolear potential %(s?) fer latge values of 
r(T is the relative velocity of the two oolliding nuolei)* 
f he infenMtion so ohtained 'my he used as a oonstr4nt in the 
optiealHsodel phenomenology* 
finally» it may he added that our ooaolusion with regard 
to the limited usefulness of the modified Qlanher model (even 
after oonsidering the hasio amplitude as adjustable) for 
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interpreting th« relatiyel/ low •nurgy auoIeasHuioleot 
•lastio soatt«rlng d«ta are not eurpri«liig and uiililotl^ to 
bt sffeotod i f aort oates are «tudi«A in this •mrgir rtgion. 
jLt tlie tnezsl«f ondar oonaidaration tha projaotila kinatio 
anaxgjr V9^ nttoleon ia qnlta anaXI. Stiaxafora, ttia two vain 
orlterla for tlia iraliditjr of the Glauher laodel Yis»propagation 
of the tiro colliding nuoleons along a straight trajeotoigr during 
oollieion and the emadlnesg of the Fermi notion effeota oonpared 
f&th the inoident nucleon Icinetio energy > are not aatiefied 
in i^neral (!?be good f it in the asiall forward angle region 
aohie-ved in the etvtly ma^  he interpreted as f ollowa; For large 
values of the isspaot paraiBeter« iihieh determine aoattering in 
the forward angle region, the straight line tr&jeotoi^ appro* 
sittation i s aatiefied ae expeoted and the effects of the Femi 
motion seen to be aitaulated in the M aaiplittide). i t this point 
i t i s worth reoallins that the satiefaotorsr f i t ohtaintd hjr 
Kiraon and Ikar * with the douhle-folding model i« aohiered 
hj varying the m amplitude aa well aa the projeetile and 
target ground-atate denaitiaa. It mar ^o aooA from their 
work that the resulting nuolear denaitiea are quite different 
from those €A>taiBad from other more reliitole aouroea auoh as 
electron and/or intemediate energy proton aoattering experiments. 
In faotf thaai authora assume the saa* Saxon-Wooda form for the 
density for light (indlnding the « partiole) as well as medium 
and faicvy ngolei. This i s dlaarly an unzealistio feature of 
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4,5 Rlgid-pro3«otlle aoael analysis In teras of tlae effeetive 
S-« aapXltttdt 
Suoeesflfta of tb@ rigld«>pirojeotil0 model with tt^ effeotive 
ir*-a amplitna* In Qxplainiog the medltna and high energy a*4iuoleii8 
elastlo scattering data as seen in the preotding chapter* 
enooucagee us to apply it to analyse the high p3?0oi8ion 104 fMf 
a-mxolmm scattering data of Oil« ©t al* . An afcafeed before, 
these data cover a wide angular range t»ttt xm will ooneidcr the 
data only upto the scattering angle 0^ -. — 45*« fhe idea i s 
to see if the relatively low enez^ aHUooleus elastic scattering 
experifsents apto moderate scattering angles ooald he ufefally 
analysed to get smm infonaation on the target densities* 
The method of calculating the elastic Siaatrix B^i\i) 
i s essentially the seoe as usid in 9eot*?«4 of ohapt«XZX. 
Here again we take the effeotive H-o asuplitode to he of tha 
torn : « « 
MUM 
4ii 
f ; « ( u ) . . j f . , ! j i i , „ . : : lg : • [ i^ jCd)}. (Q) 
where the paraiaeters have the sane laea&ing as before. However, 
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»iw9 wB now work in «n •mrgjr region lAmm tho projtotil* 
kinetlo •n»vgj p«r iiaoX«on i s quit* 99»\X (•• 26 liiy/iuiolvon), 
on« ftxpeots tbe amleme 'bioding off dots to lie vatlitr iniport&at. 
So tbat within th« niioltor ataiua* not only tlii lax i^^  atosaenttra 
tronirfer one# Is ©:igj»eot«d to b© different fpof3 that for t\m 
free BHac soatterin'^ G&m* Thes^tosef uolilcs tt» e»m at itigfcwr 
•Q«]Si«8f ne determina the eff)iotiir« H«<i soatterins aiapXittide 
h6t» by fitting th« alaetio scatterias data on a speoifio taxget 
considering all ths four paraaatere cr^ » f^t ^ and X^  a« 
adjtt0table« 
eff 
traing the paraaetriaation for fj,^ (q) as gi'ven hy 
aq«(&) and aapXo^ iiQs eq8,(l)f (5) of this ohaptar and aq.ClS) 
of ohapt«XIZ for oaloulatii^ the alaatio angular diatvihution, 
we fit the elaotio a^ «^Oa eoattaring data at 104 BUT by 
•arying 0-^9 ^ ^, p^  and X^  with realistio groond-atate 
density for the target as used In the oaloillation at the 
higher energies [seot«3*5» ohapt^lix], The result of the f i t 
with the parateeter values * 
cr„« 575.38 aa>, f - - X,197, 
^« 30,5 OtV"^ , Xn» 51,27 OeV"^  
i s shown by solid ourts in fig,2(a). It i s seen that the 
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data ar« Ttzy nioely r«pro4ucftd tor ttm rang* of aosUa 
ooiield«red la thie wosk* It ia Aotawortt^ that th« vaXuaa 
of cTgj co«pe»»t« mil with tha experliiintal iralua (600 alb) at 
o the inoldent auoleon kimtio ^mvsy 26 'liV^ t)9lng o&ljr 4 ^
Usa* 
aff 
Sinoa the ftmotion ^(q) in f^^ (q) my in gtiitj?al 
ha oonplaxt »» ciade a flea]*oh to aaa If aiajr aignlfioant 
imp70v»{»nt in tha qoality of tha f it s^ny he aohiavad h|r 
using : 
U i ) * c^ R * i >^ i )Q* . 
7ha outooiBe of auoh a eeapoh ia ahova hy the daebed ourva in 
fig,2(a), Tha oorxaepondlx^ pareaaater Taltxae art 
cr^  • 578.83 n^  , F^  - 1.2 , p^  - 31*590aV'^  
Sat II 
>^- 43.07 OaT^ and Xx • -52.8 Oe?"* , 
It if itan that in tha angular raaga oonaid«r«d in thia woifkt 
no aignifioant iaproftstnt ia aohiavad by asauming \ (q) to 
ht ooa(pXax« 
It has hatn alraady ttan in tha pxaooding ohaptar 
that tha tngat nuoXoua ^ Oa i s Tazgr appropriatt for 
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*oallbratlfle* th» u pro^«otil« M a pro1>«» V« baft m»n 
thtrt that th« 6ffictit9 H*a 8oatt«]plQg anpllttidt an deterndn«a 
hy naking a gearoh on tbt TaaLQ«» of th» sola para<i!tttr >^ 
^ fitting th« 1.37 OaV ala^tiq a-.**^ Oa soattiring data, 
pxaaiote Texy nioely the aXaetio aiffe3»>ntial cross aeotion 
on ifavJMv da isotopes at the sase energy. Xt i s teiifptiag 
to aee if a similar situation exists at the lower energies 
as ttrelX. 
2n figs. 2 and 5^ «a omp&re the prediotions of the nsidjr 
proposed effBOtiire H«« scattering aiaplitude with the paraaeter 
imXttes set 2 for the Ca and Hi isotopes respeotiTely in the 
diffraotion region, fhe oalciilations haw heen made ttsing the 
ground"-8tate densities as detained from e^T energf proton 
scattering experitaente as disouseied in detail in the preoeding 
chapter. It i s seen that the prediotions of these paraiaeter 
free calotaations agree nioeljr upto ahont 0^ « ^ 25® In 
the hearier Ca isotopes and opto % ^ ^ 35** in the Hi 
isotopes. The good f i t s eohieired in diffraction region for 
Hi isotopes ivith the effectiire H«-a aaplitude mm detemined 
hj fitting the elaontio a->^  Oa 4ata» are partioularly enceura-^  
ging, Zhese suggest that the effectiYe H«« anplitude does 
not depend ««ach on the target mass ntariber at least for neditui 
weight nuclei, therefore» once the effeotiTC H«-a anplitsde 
has heen determinid en a target of knoim properties, i t osn 
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ht uwa with mom oonfidanoe to anal^ rn* tlui data In tl3t 
diffrftdtton vostttriflg regioa for obtaining infoxwation on 
nais^boarlng target nuoUi. 
In fig«2 which Aiffplaya moults for tho Oa isotopaa 
w9 find eoiaa notioaabla diaorapaoolee at larger angles within 
the ai^ular range OTer titoich tha a-^ -^Ca data have l>ten fittad, 
Shay are sosgewhat perplexing if one |tt»ep8 in view the seXatively 
«uoh "better results aohieirsd for the Hi isotopes ^J|S.3]. 
At present we are unable to advanoe &m oonvinoing explanation 
for them, W be they are reflections of the socae aiiStigoities 
that "foight be present in the determination of the effective 
H-a aiaplitttde, 
4,S SisoQSslons and oonoluslona 
In this ohapter* we have first oritioally examined the 
modified Olatiteer model approach of Kirson and Sar^^' for a 
ttiorosoopio analysis of nuoleus«4Uioleus elastic soatterins 
at relatively low energies, we note that the c,«. eorreotion 
and finiteness of the nuolear charge distribution havt not 
been properly aoeounted for in their formulation* 
Seooodf we have used the modified Glauber model approech 
for analysing ^e elastio aHOuoleus seattering data at l(H ml 
in terms of the elemtntaaey HH scattering amplitude and the 
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x«aXi«tio groi3Ad«9tat« dttnsltiAt of the taxg^t anA tbt 
projectila and oonald«rl«i tha two-4>odJ dtn»lty terms lo 
«b« tzpanalon of tha naoloar S««atri3c elaitnt a« iptll, Wa 
find tltat ttaa oaloulal^loaa agraa iritli experittent oioay In a 
saiAl fomaa^ d aogla sag ion and that too after ooneidering tbt 
aXetaoixtazy W aiaplltttda pmramater^ aa totaXlor ad^oatahla* 
Thl« contrasts the oonolwslona of Klraon and D&xr * that th» 
modeX ie appXioa3}Xa over a wid« v&m* of augXas and giw« a 
satlsfaotory aooonnt of tha data with raaXleftic M ampXituda* 
fha good f i t s aohiairad hy Klraon and Sar are a ooneegtaenoa of 
oslng onreallfltio taxgat ground-atata densltlos. Thaoe authors 
traat not oiay the M ampXltuda hat also the nnoXeor denaltiee 
aa addoatibhXa* 
Haxt end Xast, m have anaXyaod tha X04 :iiT aXaetio 
a aoattaring data on tha Oa and HI isotopes using tha rigid* 
projaotiXa oodaX with tha affaotlTO H«>a aoattering oipXituda* 
fhe ahalysia oonaiate of first determining tha four paraieetars 
defining the affeeti'va !!"•« scattering aapXituda by fitting 
tb . . U . , t l o . • & . «, . t t .nn« « . t . in th. m f « e t l o n r.«l.n 
using reaXistio targetground-stata density as ohtainad frOK 
the eXeotron and GeV energy range proton scattering experimental \ 
fhe effective ll*-o ampXitude so datenainad i s next appXiad to 
oalcuXata the eXaf^ tio a aoattering on tha Ca and Hi isotopes 
in tarns of the ground«state densities of tha target auoXei 
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Afl dtt«rriliii>d trm otbts* txperlioents. Our wadn finding i« 
that tli« rlgld-projtotlU mod*I with th« «ffeotivt lf-« 
aap%itad« i« qnitt 0ttoee8tfal in :r«prodaoing tht «U«tio 
a-^^0« in the diffi^totion soatt«riiig region and that tht 
•ffactiva 9-a aapXitodt aa dataxaintd froa tha a«-^ O^a 
«oatt»rlni3 axpariaanl pz«diota the alastio « aeattaring 
on ^^ "^ O^a «ad tha Hi iaotopaa in tha diffjeaetion zagion 
remsomSbly iiali* fhtea findinga ax*e intasa sting aa thay 
iuggeat tha poanihility of naing tha rigid-projeotila model 
framawork (with tha affaoti^ ^a S-a aoattering amplittid*) for 
analysing tha a*nnolaua alaatio soattaring axperlaontf! in 
tlia diffsraotion region for Obtaining inforaation on tha targat 
dan«itids« Although tha aaaia oan ha aaid alao for the aingla-
folding optiaal-modal analyaoa which amploy an affaotiira 
H^ infraction pot.nUrt [.^. « t . * ° > ] . an lUl^ntag. of 
*- -^  eff 
naing tha affeotiva IMt aeattaring amplitada f-^M ia tliat 
. t X.a.t two or t.« t«^ pa^Hto^ a.«nln« s'^^M, n « . U 
(T^ and f^  which datormina fJJ^Co)* ««• rathar disaotly 
naafiuvabla qiiantitia« (or thiy can ha ralatad to tha dirtotlj 
mtagurahla qnantitiaa hy aoootmting for tha nnolaar hinding 
afftota whioh atam to ha important at lowor anargiea)« 
Admittadly, at pxasont our oonclusions are largaly qaalitatita 
in naturt and furthar atudita art naadad to giva tham a 
atrong hatia. 
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out l lni tat ioa of th« prentiit atu^ i t that • iMtio 
a-ftuol«tt« 0oatt«riiig flftta only opto #^ ^ ^ 45° hmy t>«*tt 
ooneidt£«a« Hala r«««on for this l i that aiatOiar anltipla 
ioatt^ring modtl**^ ' iihioti ham t»««n astd for oalonlatlmp; t)i« 
nuolear S«aatzlx 1« axpsotad to woxic only in a aoii^l forward 
angle seglon. During th« past fair yaara tliera hat» t>een 
attaapts to improva »pon tha original <>laid}«r taodal liy 
istrodnocing tla» non-aikonaX and nuolaar binding enargy 
eorraotiona ' to«n4.a>b e^ tba range of i t a validity and tharO*^ 
to anhansa tha r a l i ab i l i t j of th« Olanbar sodal analyaea. I t 
«oiiXd» thazeforet be of aoiaa interest to see bow ooaaidarationa 
of tbeee oorreetiona work in tb© relatively IOH energy region. 
figure Giq^ tioQ* 
Solid aiEidl th@ 4tt6h»a eur?«8 show tho rosuXtc of 
microsoopio ooXe^ation ifith ii»d without tht o«m* 
oori?0l.atloii ra@peetiir«2jr* 
Pig. 2(«i)« Blaetio eoattoring 1»4 H«V « porllolo on ^ * 
Pasbed @?id tti« soXM eui^«8 6ho« tho f i t «ith aad 
wil^ut %smm')^i ^ ^^M* ^*» 3?«B«3.tfi of 
nopaoetdr froo eoioulatioii for ueing til* 
@ffisoti70 H«ci QSipXittiid are elt^ ^n bi thi da l^^ d 
(%ii1^  > j ) onfi til© solid (witliout A j i cujpveo 
jros^otively, 
fig* a(b)# SloBtio eeatteriag of 104 MeV o partiolo on **'^0a, 
fho deneription of %tm ourvo© ie tho sapo as for 
iQ f i g . 2Cft)« 
l^ig. ;« iSlafftie neat taring of 104 %«? « partiola oa 
$<|»64jg^ ^ tho deaoription of tht ourros is th« 
a$m •» for in fig, 2{mU 
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Ill thi» work ym imw mmSB m t^orottoal studj of 
W« ti«f« attt^tvft at giving a sliiplt ««A px«etloftl ««thi^ 
for m a»anlQgfui a»«3^«i» ot thft e]t«stio a«-i»iel«ti8 oeattoring 
eaq^rliMDt* within ^« fipantwork ot QlAiitxii* matiple icattd* 
vif^ isod»l^ ^« £fc» S«8ii2.ts l^at have t)@0ia pieoented la the 
pitm»^ixm ohaptcii^ y »p9®M &X OUT smotss in tbl» resptot* 
fo «pvvttOiate tfew umi^ lEtafiii 9t our worlc i t slioiild be 
roetiOlM ^ » t fm ^xm% «vaImiition of thfl 0iaul»r si^ SiiX &«atrix 
f^r iinol«uft«>iiiioX««ts 9X«stio «catt«ri»g i^ WMnt* m t&mXMhl9 
«o»putftti(i»al ipr^bien i f S9aiietle noaiila for tb® two colliding 
Qiaoloi ard to ba used* flii various axpaiuiion approaohoa^ "^*^ ^^  
for avaluating tho olastlo ^i-satrix in au ai^ ^^ o^sdjitita w^ t^ 
traatiog tlia two ooUidiog nusiai ejpmttriealljr» ti:ioiagh 
lUMfia in »aaa ot^r rtapaet»» do cot «o«a to lio proiiiftisg 
am t9ie aa tlia axtraotioa of mwlaar atmottira inforwutioti 
frta tha olastiB aoattoring •y^fmiamntB %M eonoornaa* fhia 
ia iMoauaa af tte faot tliat unlilca tba S^ 'Buolaua aiaotio 
•aattariag, tha axpansioaa for tim auolaisa-imoloiia ooattoriiMS 
ara vory olowly oeitvarit&t* So that aonaidoratiOJ!! of oaly 
upto Ite tMo^ booy MnaiV toxa in tfaa axpanoion ia not 
adiqaato for dtaorihlag data ia tlia praaantly oovarod 
mmmapm tranafir ragion «vaa for a aodiiai %fOi^ t ntaeletia. It 
io atroBgly iadieatod f^ rm tht atudioa of J^ raaoo and 7«ma^^\ 
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«nd AtfiBaft ^^^ tliat out mmt inoluds tlt« thvt«*l»o4y «QA 
tiM othtr tiigtwiMir^v d«8si^ ti$sm in ora«r to 0«tic£M« 
toylljr i#eoiant for th* Mattorins a»tA ftt iiitftMr a«i«B i^ist 
tvafifi^m* 0zif<»rta««i««2jr» «YAliaAtioB of tfut^ t«m» is not 
only eonj^tationiOl^ a i l f i»tat Dooaueo of the watiaiaoiw 
oioQaiL jmtogra^ji imrolvoa feut 1» lOso iMeetwitli ottisr 
4iffioiiltlj»8 lilce tuo laok of «aiQiiato Infoxnation OQ 
tiigbor o]pa»i? oovff«3.«tio!i« ia i3»o],»i« 
Of tho ipavious proTious attostpts to i&tojppzwt thd 
iiitomodlato ontTgy a-»i»iol«i^ eoattspi&g 9xp9itimnt&^ Vm 
wl%i&»lBiff9i»otiX<» moaiX apparoMh 8««@8 to i;t0 as the oiaploet 
m& jsolatlvoly noifo soooooofia atapito i ta ao^e failui!!aa 
at tho lavgar noa^tiaa tiwaafOra* fha aaaoiir^at imbappy 
faa'^iza that tha Iwo aollMicg maoXai ara not troatad 
ajrMMtrlaa3iljr ia thia appvoaoht gota naakad i f oaa Tiava 
tha a pro^aotila aa a miolaav atruatuza pfoho which ia ona 
of tho aa^or ohjaativaa af « ooattoriag ajqpavlooata at 
intomaAiato aaargiaa, Aa a aattojp of faot, fron tho irimn 
poiat of atuAjTing tht atruetuva of tha tar^tt iraolaua* tha 
rigiftopvojaotiXa approach ia quiita appoaling aad noroovart 
i t appoara to hoar aoao raality at laaat in aooouating for 
tha iow mommtktm traaoftr hahaviaur, ^ue to thia wo hava 
taiKon tho rigid»projootiia appvaaeh aariotialy anA o» a 
haaia of oar aaaroh far aa iMprataA a&A rt l iahla «othad 
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Bofope i!itro4it&iiig AOjT wm^ox mo&iiiamtiion in tlui 
utusX ri6id^pro|eetlI« a|)pro»Etti, i t i» catwral to me i f 
8OIB0 Ji®srofeaeot eould 1»«)4ohieT9a l>y romoving dttisieiaoias 
in %im earXior rigia-psoleotiJi^adaal ^alysee* On® euoh 
4®fJleieQcy i s tltat '^ i^  Input ths^mtS/soX ii^^ asiplitu^ 
Ci,e» tiw aapiittt^ obtained froei th® .'^u msplltiii&» vming 
tlui aiaal)er poaoi) ia oot vai^ oonaiataat with tba laaaeijffaa 
P»%d angular dietril3utioD« partiotaarly ia th@ largKjr 
tjsooe&ttsa tjpaoafejp jpagioa^ *^'*®*'*^ '. y© hava, thdxa£ere» 
oalottiated alaatio o**%a seattering at t.57 GsV with a 
parasstrisation of tho l^ «a a»pUt»aa asa 'eiaaaurad* mioiaasp 
damitjT Oia^it^ation. It i« fotind that tho seauXts axo 
eaoaatiaiXjr ^ a aane as ona gets witli t ^ thooratioaX 
B«<<i aapXitt^a* 3?ur^ iar» %»a hava ohwkaa that eonaiaaratiofi 
of tha apin afftats &Q not af^iat thia ooneXisaion in any 
aaaantiaX «ay. AXtboaglit tha aXaetio angcaav diatribution 
data aXona ia iaaaffloiant to fix tha M-a mpXitttda, atilX 
ottv oaletOation providta auffioiant ground to oonoXada that 
tha thaojeatioal aitaation aay not bo iapvovod in thia m^» 
Ahothar diaBxapanajT in pravioua irigitWpvojaatiXa 
analjraaa ia that tbt oowaXationa in tha tajpftt ara aithav 
nagXoatad or txaatod in a YOJOT appvoaUaata way« wa haia 
net atodlad ^ i a aapaet in thia work haiaaaa it ia unXikaly 
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to lit H^Fl^ In our soazvtti in vl«« of tho »tii4l«a of 
mirm oo»ipine«4 tluit tho vif^&*pmim%il9 aothoA as 
AppliMA In sa?oviotio worlco i s imXIlGOl^  to te ijiiof^ «von 
Aftoip ito eofi«liOiioi«o «F0 f«B0if«e» no lUKfo tried tbo 
noxt slapiloot foaoi1>411ty of intjfod i^oing OOIRO tme^iX 
ttodlflOtttioBS i& tlui input B«*tt oflipXlt^ tdo i««» of MplaolBg 
tho tboovotioa:! i«^ CBplitiitio j^r a» offtotiYO ono with 
a »iai»UB nm^jp of f^o psrcMitOfO (fbis i s « pb^ rsloalXjr 
spp«a3>ing iaia, Booaxxss of ttw nuitiplo ooattoj?iog 
of foots* tho n^ oaplitttds nithifli tho ntioloar m»&hm m^ 
ht diffoiroat fJKMI tht fxos lf«a aapiitiaio )• Xn ohoosi&g 
mxk appropriato offOotiYs sRpiitaas «ro havs iMoa 0iiM(k W 
tho f ^ t that tho rl.gi<!b*»pro|ootUo sK^ dol calotaations vXth 
^0 1^0 Wma ampUtttds (oi^or tho ^liooTotioal or tho 
phottoKwaolosieal) fairXr agroo with oxporiaont ia ttm 
f^ pwavA aiMflA rogiosk* fhoroforo» i^o offootiiro K-o 
oBiplitiiio shouid ossontiailjr ho tho sa»o as tho fToo ono 
for low MMMAtua traosftrs* Shtis» i t i s in ths high 
•OMontua transfer hohaviour that ths offootiYO Mplitudo 
should differ fro« the froo one* fheoo oonsidoratioos have 
load as to propose tho offoetivo »Ua anpXitudo to bo of th@ 
foai as given h^  •Q* (17) in ohapt, IXX» whJsh involves 
only one free paraMOter \ g to ho dstejaained fros tho 
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it.»ixi»I««e eofttttriog «x$»via»&t ite«lJt, W9 imn A«ttr» 
sdiMa '^g ^ fitting ii«>^ %a «l{i«tie aoskttds^ ing datA SM 
wbloh OASft tte tar@it gJ^ ottna^ etata densi^ i» rtXial>i^ 
knewo. fh» v@fy g{K»ft f i t aohi«v«& by u» shows that th0 
fo$» of the «ffeotiv9 ii«a ampUtude em pxroposta )^ tts 
Hearty oiir finding tbat the B«a aiiplitude ot^tained \i^ 
fitting 1 »5t 0«? eXaatio «•*%& ooatteriisg «ata vexy 
filuaijr reprodwsee tHe a aiaatiD aoattaring 63cperla»at8 on 
tba ot^r Oa isotapea at t ^ aaaa emirgir ifi vai^ eo8otiff0« 
giag. ^m tbAXk that ia '^ le im% that tba saae B<»a 
anplituda aiea mpso&um» ttsa neteriouaiy hardkto*fit 
a*^^ alaatie aeattariRg data at 1.37 GeV fairly i«tll* 
Ali ttiaaa iiipiy that the froposad^ laal^ ad of asaalyaia ia 
fniriy aaimd «!id also that thv effaotiva it^ «« aisfiitiida, 
onea eaiil»satad on a targ»t ctiaiaua of known atmotura, 
ia faiviy atabla over a l»road ragion of targit vaaa 
maibav at tba anavgy under dises^aaaioa* Shaa, we hava 
indeed found a aetbod vbieb eaa be uaafuily applied for 
aaalyaing the eleatio a«.aiioieua soattering data aranod 
^Ge?« we wiU briefly diaouaa the iapilaatioaa of thie 
point later. 
we bate aleo tested applieability of our nttbod at 
aooe le««r energies by fitting the vary resent a elastie 
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•Ofttt»riae d«ta 911 ^ X tare»t funltut. On tb« «2iolo tSm 
v9ma%B tarn Qult« •nooiarasing* m obtsdn Yoxy good f i ts 
of tbt «c^^i tlastio seatttrlsig dat» at 540 ana 4S0 mt. 
At 699 Ho? tt»i f i t iit aot »o ^oS» thoagb i t io not vory 
diooouiiAging oittnir* fim aoot porpiozii^ fioaiog in thia 
oaeo i t t l i^ eoMi no%»bXo disei^opttnoite iMtwoon tbooi^ sr ana 
«j|PX*i»ent mm pcroeont evoo in ^0 foxward angle region* 
Sihio im% miglit )w at «bft root of for ttie not Do««^ good 
f i t at tbe iac@»r fioaentara tifansfere* In Yieii of the >^od 
f i t aotvitved at 480 m% m find i t hard to tt«|>l«in» Ho* 
oeitse of 1^ 0 osfooted dloinis&ing isportai^o of the nuoloar 
Mnding effootfty one impes tite rigid^fro^eotiie model 
oalistiiatione with the offeotive ima eisplitude as used h@£0 
to agzfee fairly w i^ tho eaptriiBental data at higher 
esergieVt at leant in the femard angle region* fherefore, 
dUagreewnt ftt 609 He? needs further detailed study not 
only theoretieally tmt aleo eaq^rlaentally* 
m have eleo enalyeed «-niieleu» el&etio eeettering 
data at 104 Me?* Al^ aought thie ie a rather low energy 
to he eoneidered in a tbeoretieal study hased on a high 
energy apivoninatien aethod* s t i l l we hate eonsidexed i t 
interesting to pursue i t in iri»w of the elala aade hy 
Eirson and mx^^^ that ^ e Glautwr model with sone aodifl* 
eations is fairly applloahle in thie energy region and that 
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i t off»ro m itaijr nievoseoplo i&t»]?firi»t«tion Q£ %tm 
mmlmun^nmfns oolljiiion <l»tft in tiNnam of tho li!} •e^XJ^ 
tad* anft th* &taol«ar groatiS>i»«tft1» ^iM»itld9» Oia? oartiftil 
a»S v«tiiMi4 ftiial^ra^ eliows that tba elaisi fflado by Klrton 
ana iJar i s imrealiatio oM that tise aioirotBeopis laatbod of 
a»alyeii»» m 0ttg@»&taa by %h&»9 anthoxe, i« of only lljuiti^ 
utiUty* In addition me bsv* also pointed out the weoK-
tieoeea ot tt^ir foinaaiiim wliieh oowoim aDoounting for 
tiio Coolorab Boattevi»@ aM tlia o*e« oorvolation 
ooxx@otioii&, 
Oi»3@ oooupiod with til® ireiativoly Xm anerg^ ea^ri-
siontSf i t i0 toisptiog to a^alyea i t using tlie off^tiTO 
aaplituda taathoa whieiU tiaa p^ 01rad so mieoassfui at lUl^i* 
•iMiPgiaa* m bmm mada atiQb an onajHyiiie of t04 noV 
a * ^ a aXastio aoattaifiog data oonoidariog only the 
diffipastioa aoattorioe mn&kim mgion (Giaulwi^  model* ba« 
iog baaioaXly 1>a8«d o» th» diff^fiotion tluiox^ y« is not ascpoo-* 
tad ta woflc beyond thia ragioa)* ftia anaiyaia at thie 
•mrgy dapavta txom tho ona wa {wrfojemd at tisa higfmr 
entrgiaa in ona aaaoatial laaptat, Zn this oasa «e tsaat 
a l l tha four partRStsra^t ^ » ^^  •*** A j^  of tha 
affietiva Um^ SHi^tada as adjiiata^la» fha phyaioal v^mon 
bting that at Xomv anargiaa tha onelaar binding effaots 
102 
l9» mmmntm tmmf^m pari 9t %t» ^ tHsu^^^ Hts es^llti«l# 
nuiar t>@GO«i •<HMwiMit dias^wnt Hfon tsm DKW« Mipiitiidt* m 
am thAt this fdisp |pi^ras0t«r siiNIdl witli t l i* @rat2£^Hstiits 
att3»Sty of ^ A f 06 ^%«imii]0a froB otlsffir 9vs»rimut&9 f i t o 
lall^t l)» df eiwMi 0i0iifioiy»Q«i t ^ t tlie vikluo of ^ obtaima 
£ro« ^ « f i t t iog tinm* ottt to lao oloit* to i ta fn»o eofl^tte* 
JTiiig v@iiat* Xt wouXd )»e l.tor&ti£ig to a«o U tm vonae® 
of cr^  an^ ^^ mhUh f i t t l» »*>^® aata ootaa tea xeXcittit to 
tlioir f£@o eodtlorifig iraitase l»jr aoooimting fox* ttio maolea^ 
Mnding «ff««ts« 2f tiiojr ooiad %w i^latodt tho ofi^otivo 
aK^HtuSo would boiiro oin^ jr ti^ o et^ i28tml»i» i^axmmt&jm tt^a?o^% 
iBi^iiig ttio a^aljroio tor thA» ao^^oS etojeo «ollAtel«« 
^ 1 ^ oflOotiT* M^m nKpUtuao so Itotojmieod ffoa tlio 
« « ^ « olootlo ooattojpinc wliofi a^ l lod to ooloiiSLfttt elmtSa 
mtmttmxltm ooiiaor iiotvilmtion for tlio 0 * ona ^^ iootopoo* 
«i t l l tllO tMTClt pf01ISA»Ot«tO AtOOitlOO 00 dtttXIlillOd f)rOB 
tlio liifii onwijr pvotoa «o«ttejrlf^ ox9ovteonto'% glvoo 
iOOttlto wtOelk «yro in oioao «geoMW»t with ojq?orlaoat ii^ tlio 
diffxifttioo rogioa, tbio i» lttport«iat an i t ohoiro tlmt tifio 
voiftti^voiy low oaarfijr «-tti»loiia aoattoriag 4ata ia tho d i f f -
vaotion fogioii oouiA l»o anai^ooa in tomo of tb» offftotito 
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Il«« aapUtuat o«lil>nit«A on MI *ppropri.at« t«pg»t for 
Oim B«3r «ut0tion Urn wie^ cm of ctoalysiBg tlio £QiatJ.i^ 3^ 
low «ii9rg3r 6«tft ia the r«atj?iatft4 wognlar jrogloa In toisis of 
t!it offootiTO H«« «np3Jl-tu#i iifiift& rof in^ optloalHaodol 
anG^ i^ et^ s liav* or o@ii tm muM ootroring tbo vltolo mtma@3e 
i?«gio&v Omp fopX^ to t&io oritloim i s «iff folXows; Firsti 
phjr»i08i#ie«» i t is oltta^ »tf«at«(geoi38 to ioolc At 1^ 0 Bsm 
jl»oh%9m SM diflijpofit wasri « @ieona» in t ^ e appsrot^ h tot^ 
th« sfOfrsDtivo ana the nMorptiiro ocmponoats of tlio a*&tioXtt3S 
iotorootions &m tr««todl aimMXtaliyt whorem in most of ttm 
optio®l<»iiodoi anaifoos o»ly tb« soaX part i s t3?s»t9d oioro* 
eooploaUr i» tsmts of t!» offoetivo l^ «*a i&teraotlon whiXo 
tlio Jyaiaginaxsr part i s txsatsA pbonons&ologieiiXlMr* And tlilra» 
i t ttigbt 0^ sisplor to e^oiiQt for tho nneiloar soditra offeot 
l9Qr Hording in tsras of tDo effsotivo FJ«^  anplittids ratber thaa 
in ttnui of tlis ofCiotiiro %^ iatsxstien potontiai* Host-
ovsr* tho OXau r^ «odsX oXastie enaatrix as AstsrHiosd froa 
tits abovo Assorilwa approaoh ooiaa \m usoa to o^ain tho Xong 
rangt teliavioar of ths «h-iitioxsos intoraetiofi potantiaX 
|L««*(7)» olkapt* Zf] whiob my sorts as m oonstraint for tbs 
optisaX««odsX pUsnoMinoXogr ^^le fitting ths data oYsr tho tihoXs 
a»«iiXar rangi. It Mar aXso tis aAisA th^t ths susesssss of tbs 
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toffing i?esion suggfist ttiat i t ifotiia la* iiortiaihiX« to try a 
phoQcueRoXoflisal f i t of ttii wtiole Mt of the data in texiB» 
of IcQown targot ^xisitios and tim pseeo&tiy proposod (or 
•OB^ wt^ at aodififtd) afftotiva li*a aoattajring anpUtud* tiaitig 
wat80Q«a opt^ oaX pot»»tial« 
CoAi&g baoic to tha dlaouation of tba {voMiitljr proposod 
aflaotifa ll*a «aplitiido sotliod foi? aaal^ r^ i&S ttoo bigh e»ai7gy 
a*&uola«a aeattairiag aa^ parim n^ta i t @«jr Isa addod that ttw 
mathod e*«Bi iiexar psranising f oi» axtvaotiog mioloar ataraatura 
i»foi!siatioa tsim %M a aaattotriog da^. Qw mmxta at 
t«57 0«7 is^Xr tbat 1^  ealil»]»tixig tito M ^ mmrgy a pasPtlola 
psotMi on a aaitably aiiosim target ntiolatie ana oan analiroo 
tba aia»tlo eoattoi^lag data oa (at iaaat) i»i^l}oui»i&g 
naoloi to obtain info£ciatio& oa thair grouBd<Mitata 
dtoaitiaa. 
ftaa pvetant wozlc o£t9T9 aoaa intiorastiag poaaitiilitioo 
for fttrthti^ jroMarob, for axanplat anoo Vtm aola parepotojp 
\^ 9t tba afftotiYa 8«« •npXitiada ia fiand twmt tha alc^atio 
aoattaring data in tba •tmsf^g cogioa ovatuid 1 Q«?» i t ia 
at]pai«|it fo»r«rd to oaiotilata tlst iotlaatio eaattoirifig ia 
tonia of kfiowQ tianaitiou donaitioa (how«vajr, aao tha foot 
not* on past 70). AltornatiTOljri aaelaar tranaitioo 
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seatt«jrlim 4ftta ttsing i^J.0 amplltii^* ftuf^wrt i t wotad 
^ lAtevteting to Btvn^ V» oasft »tn)}«]* and th« tn^vgy 
d«7#sde!30ii» of th« pftfOfflBtdr g»verning th* 3.ore» 9 b^uacviour 
of tho •f l ist iv* B«« mxplitum* It i s also of iatertet to 
mOQ* an attnapt foif a tlstovou^ oieroaooplo iiitovppotatio& 
for Vm cuoodAs of the eothod of aaal^io adraneod in 
106 
APTSHSXX A 
In thin appdoOix w Attempt at finding a JuetlflcotioM 
for thi 8UQcefl8 of th« rl|SlA«»p»»j«otli« modal with th« 
affactive R«« eeattarlng astptltude. For ttils «• take, aa tl)£ 
at art log point, tlia aq,(22) of oliapter II for tlie S*«ietriat 
and define : 
h" < ^ 0 J % ^ *o '^ ^^'^^ 
^^ le the ground state nate fonotlon of the projectile a@ 
before and Z^  i s given by the e^,(2). Cbvlouely eq,(A,l) 
aey also be written as: 
% » [ l • r„ (^-a|^) ] • (A.2) 
where P^ ^^ ^ *^ ***' profile funotlon for Jl-a eoatterlng, Hert 
we define ; 
A2^ " % *" ^1 ^**'^  
and expand B&) as; 
1«1 * l«a k t l ^ ^ i<i k*l,i ^ 
A A2|^ A2j • a . 4 ) 
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iTtgUoting ttm terms involTlng maltipXt «oatt«rlng of aor* 
than two taxgot auolooziB from th« eXtt«t«r of all projtetil* 
ttuoloont and ta3cittg tho grou&a gtata txpeotatlon valuo of 
th« staow aqaation with sespaet to tl» pro^ootllo ma-m 
ftmotion «• h&r9 : 
< %\ kin% > - j ^ [I- r«(^  - \)y £^ | (jj^^ \) 
Ibe last factor in the tenas of the mm in eQ«CA.5) maar t>e 
oxpraosed as: 
08ii^ ths two«-dinensional im^rm Fourier tzanfffom of the 
relation : 
«• aajr rewrite eq,(A«6) ae : 
108 
(•jAZ^AEjl^^) - { - — )2 / d \ a \ . 
1!^0 <W ttO 
Substituting eq,(A.7) into tq.CA.S) aad taking the ground 
state sxpsotation vaXus of this SQ u^ation with respect to 
the target «© have ; 




i " l «- ** * V 
While writii^ the expression for T «• have assuatd that all 
the partloles constituting the target are identical. 
It i s sten that the first tern in eq«(A«8) i s the same 
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as givvn by •q,(5) «nA, ttierefor«« it d68orib«s tihit rigld-
projtotllt approKlaatioa. fha mo&a& t«i»a proTid«t a 
oorceetion to tbie rigia-pro;}«otil« laodtl and i t daeoribaa 
a procoss in nhioh the project ila i s exoitad aftar eoattaring 
on one target nu^«on and then daexoited on aoattering from 
anotfaar targat nuoleon, 
<?» 
AM dieouated in seot.^^a the axprteaion (A«9} i(^ aiailar 
to that for the H-nticIene eoattering oaae and,therefore^it 




the prodmt in the eQ«(A,9) w»y be expanded as : 
•^  " ^ i<i *" j 
So that on talcing the expectation value of the aibofe aqtifttion 
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with rtaptot to ^^^ «t h*v« opto th« pair oorr«latioA 
term of th» targtt^ ' : 
X • fl-r«(b)l • ( ) "" " [ u rCb) 1 
4* 
ifh«r» ^(^if'iz^ i s thi Fotiriei* tvnafifoifni of tho pair oorvtlatlon 
wh«r« f j^  and f ^*'are tbi ons- and two^ody donaltlea of tha 
taxg«t rasptetivaly. It mar b« pointed oat tlmt geuaraUjr* 
only the first torn of the es^ paneion (A«12) ie used in the 
rigid*proj«otila model analyses, 
f0 simplify the expression (A«10) for T ne use the 
expansion (A,ll) for the produot in tbft last factor in i t . 
Hstaitting only the first ters in the expansion (highsr order 
terns would gi've terms which depend upon the three-^ody and 
other higher order oorrslations in the target and, tmrefore, 
suoh terms are being negleoted here) we ohtain : 
I l l 
U V ^ ^ V ^ 2 > 1 [^ A^ «l> V4>^ C?X« 3t>]. <^W> 
F<»2f ntdlua and hBA'vy^ vtigbt imol«i it i s a good approxinatioa 
to £tplao« (A-l) and ( A ^ ) t»7 At so that ootabioing «4g,(A.t2) 
and (A.13) «• oan mrita •q,(A«8} as: 
A / _„ \ /• - 2 * jrZ, V e " f <raE > f<i\«-''lz* 
00 • 00 
SinoOf tho highttr ovdav ooistriDutioas daeoribod hf v^ eaf 
•xpaotad to ba loall , na masr writ a ; 





""•i q •'b 
X [ f^  (9.5' )(»o I ^°(9> ^"(«' > '•o>A<9> 
J . (5')-/ (i)'J« <q') ] . (4.17) 
00 ^ 00 
l7o»f Btaldiig the soasooaaDlo ati^aiptioii timt tbie freo H«^  
aeattexdjog oaplitttdo oan |}o paamaotorlitd as: 
2 2 / 
vhtrt 'Cii) i» Bom tunotion ot the moaentim ttmmi^Vf «t 
a«3r nrlto oq.CiUl?} as: 
^Ba^^-^ * "' "" '•"""" • [^ •*" M l » ^ ) J • (A.19) 
whara 
lii,i> ^q) ! • '*» • / A\* a 




OF fl2 2 
, , . > , ^r, Muiw ^^  ,^ -a%^ 
X »A<40^(4»oU**C4)|t^«)(f>al/(qOIV . 
SM.9 0»6ia« tlie b«et that can 1>« dont at tb« px«B«]it wltliotst 
•iit«ri»g into the 009qpUxlti«» of th« ooxrelation gtvootax* 
of the two coVkl&itig iiuolei« 
f ht t£eat!a»nt given libo^ shows that i t is p&«aihl« to 
writo the ©ffeotivo H*« aaplittiao in th© form of •ii.CA.ig) 
1>iit tho quanti^ ] t»rna oat to he dependent upon the iag^ aot 
paraseter h in oontsast to what ia found phenonenologioally. 
f hie imy )>• underatood aa pexhapa tte a aoatteriiig at 
interaadiata enexsiee ia oontrihuted noat by a enall range of 
h pasraneter valaea atzoh that the h depandenoe in t doea 
net nanifeat i t naif in ttia phanoaenology. Thia aoonda pl«iaihle« 
the a particle heiag highly ibaoxhi03le» aoatljr thoae h taltiea 
imioh eorveapond to the nnolear aurfaoe xegion and ita rioinity 
'my gorem the aoat taring prooeta^ 
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